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Signetics reserves the right to make changes, without notice, in the products, including 
circuits, standard cells, and/or software, described or contained herein in order to improve 
design and/or performance. Signetics assumes no responsibility or liability for the use 
of any of these products, conveys no license or title under any patent, copyright, or mask 
workrightto these products, and makes no representations or warranties that these prod- 
ucts are free from patent, copyright, or mask work right infringement, unless otherwise 
specified. Applications that are described herein for any of these products are for illustra- 
tive purposes only. Signetics makes no representation or warranty that such applications 
will be suitable for the specified use without further testing or modification. 


LIFE SUPPORT APPLICATIONS 

Signetics Products are not designed for use in life support appliances, devices, or 
systems where malfunction of a Signetics Product can reasonably be expected to result 
in a personal injury. Signetics customers using or selling Signetics Products for use in 
such applications do so at their own risk and agree to fully indemnify Signetics for any 
damages resulting from such improper use or sale. 


Signetics registers eligible circuits under 
the Semiconductor Chip Protection Act. 


© Copyright 1991 NAPC. 


All rights reserved. 
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Applications for our data communications products continue to grow as the micropro- 
cessor-based systems proliferate. In addition to servicing the traditional function, we 
recognize the need to offer improved features and performance while at the same time 
we retain acost-effective product. To achieve this goal we have installed manufacturing 
capability that takes advantage of our technology development effort particularly in the 
CMOS arena. The new products resulting from this activity will not only complement 
the existing family, but will also allow the designer to enhance the system capabilities 
and performance very economically. 

Our entire focus in Data Communications is to continue to play a major role in the mar- 
ket through constant attention to performance and economics using innovation and 
technology development. 
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DEFINITIONS 


Data Sheet 
aie Product Status 
identification . 
Objective Specification Formative or In Design 
Preliminary Specification Preproduction Product 


Full Production 


Product Specification 





Definition 


This data sheet contains the design target or goal 
specifications for product development. Specifications may 
change in any manner without notice. 


This data sheet contains preliminary data and 
supplementary data will be published at a later date. 
Signetics reserves the right to make changes at any time 
without notice in order to improve design and supply the best 
possible product. 


This data sheet contains Final Specifications. Signetics 
reserves the right to make changes at any time without notice 
in order to improve design and supply the best possible 
product. 
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DATA COMMUNICATION PRODUCTS PART NUMBERING SYSTEM 


Example: SCN6845 4CE6N 4 8 


Microprocessor I Pin count 
Identifier — Always SC 14, 16, 20, 24, 28, 40, 48, etc. 
Process/Power Variation 
N = N-Channel racnage. Bi | 
C=C-—MOS A = Plastic Leaded Chip Carrier (PLCC) N = Plastic DIL 
B = Bipolar F = Hermetic Cerdip P = Pin Grid Array — 
| = Hermetic Ceramic DIP Hermetic 
Basic Part Number Timing Variation 


See individual data sheets Spd Sym Spd Sym = Spd Sym 
01 21 41 


Temperature 

C =0°C to 70°C 
(Commercial) 

A = -40°C to +80°C 
(Automotive) 

M = -55°C to +125°C 
(Military) 

P = -20°C to +70°C 
(Philips) 


22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


42 
43 
44 
45 


ANOANAA WMH DOOANAAAWN — 


OOOANONA WN“ ODOAN AOA WN =~ 


1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
Cc 
D 
E 
F 
6 
7 
8 
9 
0 


Unless otherwise noted. 


Example: NE 553 7N 


eee Package Description: 
A = Plastic Leaded Chip Carriers (PLCC) 
Plastic SO Packages 
Hermetic Cerdip 
Hermetic Chip Carriers — Leadless 
Headers 
Plastic DIL 
Pin Grid Array — Hermetic 
Hermetic Cerpac 
Hermetic Chip Carrier - Leaded Square (Cerpac) 


Hou td wo uw nb uw tt 


Device Number 


Device Family and Temperature Range Prefix 
NE 0 to +70°C 

SE -55°C to +125°C 

SA -40°C to +80°C 
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SIGNETICS QUALITY 


Signetics has put together winning processes 


for manufacturing. Our standard is zero 
defects, and current customer quality 


statistics demonstrate our commitment to this 


goal. 


The data communications produced in the 
Standard Products Group must meet rigid 


criteria as defined by our design rules and as 


evaluated with a thorough product 
characterization and quality process. The 


capabilities of our manufacturing process are 


measured and the results evaluated and 
reported through our corporate-wide QA05 
data base system. The SURE (Systematic 
Uniform Reliability Evaluation) program 


monitors the performance of our product in a 


variety of accelerated environmental stress 
conditions. All of these programs and 
systems are intended to prevent 
product-related problems and to inform our 
customers and employees of our progress in 
achieving zero defects. 


RELIABILITY BEGINS WITH THE 
DESIGN 


Quality and reliability must begin with design. 


No amount of extra testing or inspection will 
produce reliable ICs from a design that is 
inherently unreliable. Signetics follows very 
strict design and layout practices with its 
circuits. To eliminate the possibility of metal 
migration, current density in any path cannot 
exceed 2 x 10° amps/cm?. Layout rules are 
followed to minimize the possibility of shorts, 
circuit anomalies, and SCR type latch-up 
effects. Numerous ground-to-substrate 
connections are required to ensure that the 
entire chip is at the same ground potential, 
thereby precluding internal noise problems. 


PRODUCT CHARACTERIZATION 


Before a new design is released, the 


characterization phase is completed to insure 


that the distribution of parameters resulting 
from lot-to-lot variations is well within 
specified limits. Such extensive 
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characterization data also provides a basis 
for identifying unique application-related 
problems which are not part of normal 

data sheet guarantees. Characterization 
takes place from —55°C to +125°C and at + 
10% supply voltage. 


QUALIFICATION 

Formal qualification procedures are required 
for all new or changed products, processes 
and facilities. These procedures ensure the 
high level of product reliability our customers 
expect. New facilities are qualified by 
corporate groups as well as by the quality 
organizations of specific units that will 
operate in the facility. After qualification, 
products manufactured by the new facility are 
subjected to highly accelerated environmental 
stresses to ensure that they can meet 
rigorous failure rate requirements. New or 
changed processes are similarly qualified. 


QA05 — QUALITY DATA BASE 


REPORTING SYSTEM 

The QA05 data reporting system collects the 
results of product assurance testing on all 
finished lots and feeds this data back to 
concerned organizations where appropriate 
action can be taken. The QA05 reports EPQ 
(Estimated Process Quality) and AOQ 
(Average Outgoing Quality) results for 
electrical, visual/mechanical, hermeticity, and 
documentation audits. Data from this system 
is available upon request. 


THE SURE PROGRAM 

The SURE (Systematic Uniform Reliability 
Evaluation) program audits/monitors products 
from all Signetics’ divisions under a variety of 
accelerated environmental stress conditions. 
This program, first introduced in 1964, has 
evolved to suit changing product complexities 
and performance requirements. 


The SURE program has two major functions: 
Long-term accelerated stress performance 
audit and a short-term accelerated stress 


monitor. Samples are selected that represent 
all generic product groups in all wafer 
fabrication and assembly locations. 


THE LONG-TERM AUDIT 
One-hundred devices from each generic 
family are subjected to each of the following 
stresses every eight weeks: 


®@ High Temperature Operating Life: 
T, = 150°C, 1000 hours, static biased or 
dynamic operation, as appropriate (worst 
case bias configuration is chosen) 


@ High Temperature Storage: Ty = 150°C, 
1000 hours 


® Temperature Humidity Biased Life: 85°C, 
85% relative humidity, 1000 hours, 
static biased 


® Temperature Cycling (Air-to-Air): -65°C to 
+150°C, 1000 cycles 


THE SHORT-TERM MONITOR 
Every other week a 50-piece sample from 
each generic family is run to 168 hours of 
pressure pot (15psig, 121°C, 100% saturated 
steam). 


In addition, each Signetics assembly plant 
performs SURE product monitor stresses 
weekly on each generic family and molded 
package by pin count and frame type. 
Fifty-piece samples are run on each stress, 
pressure pot to 96 hours. 


SURE REPORTS 

The data from these test matrices provides a 
basic understanding of product capability, an 
indication of major failure mechanisms and 
an estimated failure rate resulting from each 
stress. This data is compiled periodically and 
is available to customers upon request. 


Many customers use this information in lieu 
of running their own qualification tests, 
thereby eliminating time-consuming and 
costly additional testing. 
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RELIABILITY ENGINEERING 

In addition to the product performance 
monitors encompassed in the Data 
Communication SURE program, Signetics' 
Corporate and Division Reliability 
Engineering departments sustain a broad 
range of evaluation and qualification 
activities. 


Included in the engineering process are: 


® Evaluation and qualification of new or 
changed materials, assembly/wafer-fab 
processes and equipment, product 
designs, facilities and subcontractors 


® Device or generic group failure rate studies 


® Advanced environmental stress 
development 


® Failure mechanism characterization and 
corrective action/prevention reporting 


The environmental stresses utilized in the 
engineering programs are similar to those 
utilized for the SURE monitor; however, more 
highly-accelerated conditions and extended 
durations typify the engineering projects. 
Additional stress systems such as biased 
pressure pot, power-temperature cycling, and 
cycle-biased temperature-humidity, are also 
included in the evaluation programs. 


FAILURE ANALYSIS 

The SURE Program and the Reliability 
Engineering Program both include failure 
analysis activities and are complemented by 
corporate, divisional and plant failure analysis 
departments. These engineering units 
provide a service to our customers who 
desire detailed failure analysis support, who 
in turn provide Signetics with the technical 
understanding of the failure modes and 
mechanisms actually experienced in service. 
This information is essential in our ongoing 
effort to accelerate and improve our 
understanding of product failure mechanisms 
and their prevention. . 


ZERO DEFECTS PROGRAM 

In recent years, United States industry has 
increasingly demanded improved product 
quality. We at Signetics believe that the 
customer has every right to expect quality 
products from a supplier. The benefits which 
are derived from quality products can be 
summed up in the words, /ower cost of 
ownership. 
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Those of you who invest in costly test 
equipment and engineering to assure that 
incoming products meet your specifications 
have a special understanding of the cost of 
ownership. And your cost does not end there; 
you are also burdened with inflated 
inventories, lengthened lead times and more 
rework. 


SIGNETICS UNDERSTANDS 
CUSTOMERS’ NEEDS 


Signetics has long had an organization of 
quality professionals, inside all operating 
units, coordinated by a corporate quality 
department. This broad decentralized 
organization provides leadership, feedback, 
and direction fo achieving a high level of 
quality. Special programs are targeted on 
specific quality issues. For example, in 1978 
a program to reduce electrically defective 
units for a major automotive manufacturer 
improved outgoing quality levels by an order 
of magnitude. 


In 1980 we recognized that in order to 
achieve outgoing levels on the order of 
100ppm (parts per million), down from an 
industry practice of 10,000ppm, we needed to 
supplement our traditional quality programs 
with one that encompassed all activities and 
all levels of the company. Such 


unprecedented low defect levels could only 
be achieved by contributions from all 
employees, from the R and D laboratory to 
the shipping dock. In short, from a program 
that would effect a total cultural change within 
Signetics in our:attitude toward quality. 


QUALITY PAYS OFF FOR OUR | 
CUSTOMERS 


Signetics’ dedicated programs in product 
quality improvement, supplemented by close 
working relationships with many of our 
customers, have improved outgoing product 
quality more than twenty-fold since 1980. 
Today, many major customers no longer test 
Signetics circuits. Incoming product moves 
directly from the receiving dock to the 
production line, greatly accelerating 
throughput and reducing inventories. Other 
customers have pared significantly the 
amount of sampling done on our products. 
Others are beginning to adopt these 
cost-saving practices. 


We closely monitor the electrical, visual, and 
mechanical quality of all our products and 
review each return to find and correct the 
cause. Since 1981, over 90% of our 
customers report a significant improvement in 
overall quality (see Figure 1). 


Z 


GOAL 25/100 
298 


ELECTRICAL EPQ 








YTD 1990 June 1990 


MECHANICAL EPQ 


Figure 1. Signetics Quality Performance 
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ONGOING QUALITY PROGRAM 
The quality improvement program at 
Signetics is based on “Do It Right the First 
Time”. The intent of this innovative program is 
to change the perception of Signetics’ 
employees that somehow quality is solely a 
manufacturing issue where some level of 
defects is inevitable. This attitude has been 
replaced by one of acceptance of the fact that 
all errors and defects are preventable, a point 
of view shared by all technical and 
administrative functions equally. 


This program extends into every area of the 
company, and more than 40 quality 
improvement teams throughout the 
organization drive its ongoing refinement and 
progress. 


Key components of the program are the 
Quality College, the “Make Certain” Program, 
Corrective Action Teams, and the Error 
Cause Removal System. 


The core concepts of doing it right the first 

time are embodied in the four absolutes of 

quality: 

1. The definition of quality is conformance to 
requirements. 


2. The system to achieve quality 
improvement is prevention. 


3. The performance standard is zero 
defects. 


4. The measurement system is continuous 
improvement. 


QUALITY COLLEGE 

Almost continously in session, Quality 
College is a prerequisite for all employees. 
The intensive curriculum is built around the 
four absolutes of quality; colleges are 
conducted at company facilities throughout 
the world. 


“MAKING CERTAIN” — 
ADMINISTRATIVE QUALITY 
IMPROVEMENT 


Signetics' experience has shown that the 
largest source of errors affecting product and 
service quality is found in paperwork and in 
other administrative functions. The “Make 
Certain” program focuses the attention of 
management and administrative personnel on 
error prevention, beginning with each 
employee's own actions. 


This program promotes defect prevention in 
three ways: by educating employees as to 
the impact and cost of administrative errors, 
by changing attitudes from accepting 
occasional errors to one of accepting a 
personal work standard of zero defects, and 
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by providing a formal mechanism for the 
prevention of errors. 


CORRECTIVE ACTION TEAMS 
Employees with the perspective, knowledge, 
and necessary skills to solve a problem are 
formed into ad hoc groups called Corrective 
Action Teams. These teams, a major force 
within the company for quality improvement, 
resolve administrative, technical and 
manufacturing issues. 


ECR SYSTEM (ERROR CAUSE 
REMOVAL) 

The ECR System permits employees to 
report to management any impediments to 
doing the job right the first time. Once such 
an impediment is reported, management is 
obliged to respond promptly with a corrective 
program. Doing it right the first time in all 
company activities produces lower cost of 
ownership through defect prevention. 


PRODUCT QUALITY PROGRAM 
To reduce defects in outgoing products, we 
created the Product Quality Program. This is 
managed by the Product Engineering 
Council, composed of the top product 
engineering and test professionals in the 
company. This group: 
1. Sets aggressive product quality 
improvement goals: 


2. provides corporate-level visibility and 
focus on problem areas; 


3. serves as a corporate resource for any 
group requiring assistance in quality 
improvement; and 


4. drives quality improvement projects. 


As a result of this aggressive program, every 
major customer who reports back to us on 
product performance is reporting significant 
progress. 


VENDOR CERTIFICATION 
PROGRAM 


Our vendors are taking ownership of their 
own product quality by establishing improved 
process control and inspection systems. They 
subscribe to the zero defects philosophy. 
Progress has been excellent. 


Through intensive work with vendors, we 
have improved our lot acceptance rate on 
incoming materials as shown in Figure 2. 
Simultaneously, waivers of incoming material 
have been eliminated. 


QUALITY AND RELIABILITY 
ORGANIZATION 


Quality and reliability professionals at the 
divisional level are involved with all aspects 
of the product, from design through every 
step in the manufacturing process, and 
provide product assurance testing of outgoing 
product. A separate corporate-level group 
provides direction and common facilities. 


Quality and Reliability Functions: 
® Manufacturing quality control 


® Product assurance testing and qualification 


® Laboratory facilities — failure analysis, 
chemical, metallurgy, thin film, oxides 


® Environmental stress testing 
® Quality and reliability engineering 


® Customer liaison 


COMMUNICATING WITH EACH 
OTHER 


For information on Signetics’ quality 
programs or for any question concerning 
product quality, the field salesperson In your 
area will provide you with the quickest access 
to answers. Or, write on your letterhead 
directly to the corporate VP of quality at the 
corporate address shown at the back of this 
manual. 


We are dedicated to preventing defects. 
When product problems do occur, we want to 
know about them so we can eliminate their 
causes. Here are some ways we can help 
each other: 


@ Provide us with one informed contact within 
your organization. This will establish 
continuity and build confidence levels. 


® Periodic face-to-face exchanges of data 
and quality improvement ideas between 
your engineers and ours can help prevent 
problems before they occur. 


® Test correlation data is very useful. 
Line-pull information and field failure 
reports also help us improve product 
performance. 


® Provide us with as much specific data on 
the problem as soon as possible to speed 
analysis and enable us to take corrective 
action. 


® An advance sample of the devices in 
question can start us on the problem 
resolution before physical return of 
shipment. 


This teamwork with you will allow us to 
achieve our mutual goal of improved product 
quality. 
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LOT ACCEPTANCE RATE 
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Figure 2. Incoming Direct Materials Quality 


MANUFACTURING: DOING IT implementing 100% temperature testing on The achievements resulting from the 


RIGHT THE FIRST TIME all products as well as upgrading test improved process flow have helped Signetics 
In dealing with the standard manufacturing handlers to insure 100% positive binning. to be recognized as the leading quality 

flows, it was recognized that significant Some of the other changes and additions supplier of data communications. These 
improvement would be achieved by “doing were to tighten the outgoing QA lot achievements have also led to our 

every job right the first time”, a key concept of acceptance criteria to the tightest in the participation in several Ship-to-Stock 

the quality improvement program. Key industry, with zero defect lot acceptance programs, which our customers use to 
changes included such things as sampling across all three temperatures. eliminate incoming inspection. Such 


programs reduce the user cost of ownership 
by saving both time and money. 
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DESCRIPTION ~ Automatic SYN or DLE-SYN APPLICATIONS 
The Signetics SCN2651 PClis a insertion @ intelligent terminals 
universal synchronous/asynchronous ~ SYN or DLE stripping 


; ; ‘ e 
data communications controller chip Network processors 


designed for microcomputer systems. It 
interfaces directly to the Signetics 


— Odd, even, or no parity 


@ Front-end processors 
— Local or remote maintenance 


@R te dat trat 
SCN2650 microprocessor and may be loopback mode emote data concentrators 
used in a polled or interrupt driven ~ Baud rate: DC to 1Mbps (1X clock) —_ e Computer to computer links 
system environment. The SCN2651 @ Asynchronous operation ® Serial peripherals 


accepts programmed instructions from — 5- to 8-bit characters 

the microprocessor and supports many 44 Gro stan bis 

serial data communication disciplines, a PIN CONFIGURATIONS 
~— Odd, even, or no parity 


synchronous and asynchronous, in the 
full or half-duplex mode. — Parity, overrun and framing error 


a. detection 
The PCI serializes parallel data 


; -~ Li re etection an 
characters received from the BIne ican detection 7 





oe ad generation 
microprocessor for transmission. 
Simultaneously, it can receive serial ~ False start bit detection 
data and convert it into parallel data — Automatic serial echo mode 
characters for input to the — Local or remote maintenance 
microcomputer. loopback mode 
The SCN2651 contains a baud rate — Baud rate: DC to 1Mbps 
generator which can be programmed to (1X clock) 
either accept an external clock or to DC to 62.5kbps (16X clock) 
generate internal transmit or receive DC to 15.625kbps aa) THEMHOSCRG 
clocks. Sixteen different baud rates can (64X clock) 
be selected under program control when 
operating in the internal clock mode. OTHER FEATURES 
The PCI is constructed using Signetics  ® Internal or external baud rate clock 
n-channel silicon gate depletion load . © 16 internal rates — 50 to 19,200 baud TOP VIEW 
technology and is packaged in a 28-pin 
DIP. © Double buffered transmitter and 

receiver 

FEATURES @ Full or half duplex operation 
@ Synchronous operation © TTL compatible inputs and outputs 


-— 5- to 8-bit characters 
~— Single or double SYN operation 
— Internal character synchronization 


— Transparent or non-transparent © 28-pin dual in-line package 
mode 


® Single 5V power supply 


® No system clock required 
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ORDERING CODE 


Vec = 5V 45% 
PACKAGES Automotive 
0°C to +70°C © -40°C to +85°C 


CERDIP SCN2651CC1F28 SCN2651CA1F28 
Plastic DIP SCN2651CC1N28 Not available 
Plastic LCC SCN2651CC1A28 Not available 






BLOCK DIAGRAM 


DATA BUS DATA BUS SYN/DLE CONTROL 
DOo~D7 BUFFER 
SYN 1 REGISTER 
(27, 28, 1, 2, 
5, 6, 7, 8) SYN 2 REGISTER 


DLE REGISTER 


RESET _(21) OPERATION CONTROL 


ee 
4, 
” 

= 


TRANSMITTER 
TRANSMIT DATA 
HOLDING REGISTER 
TRANSMIT 
SHIFT REGISTER 


BAUD RATE 
GENERATOR 
AND 


CLOCK CONTROL RECEIVER 


RECEIVE 
SHIFT REGISTER 
RECEIVE DATA 
HOLDING REGISTER 


MODEM 
CONTROL 
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ABSOLUTE MAXIMUM RATINGS" 


PARAMETER RATING UNIT 
°C 


Operating ambient temperature? Note 4 
Storage temperature -65 to +150 
Alt voltages with respect to ground? -0.5 to +6.0 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operation section of this specification is not 
implied. 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effect of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for applicable temperature range 
and operating supply range. 














°C 
V 








DC ELECTRICAL CHARACTERISTICS! 2: 3 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | Min | Typ | Max | UNIT 


Input voltage 


Vit Low V 
Vin High 2.0 V 


Output voltage 


Vou Low low =1.6mA 0.4 V 
Vou High lou = -100pnA 2.4 V 


3-State output leakage current 


ly Data bus high Vo = 4.0V -10 10 pA 
lee Data bus low Vo = 0.45V -10 10 pA 
Power supply current ee 


1. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for applicable temperature range 
and operating supply range. 

2. All voltage measurements are referenced to ground. All time measurements are at the 50% level for inputs (except tgray and tgr,) and at 
0.8V and 2.0V for outputs. Input levels for testing are 0.45V and 2.4V. 

3. Typical values are at +25°C, typical supply voltages and typical processing parameters. 


CAPACITANCE Ty, = 25°C, Voc = OV 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | Min | Typ | Max | UNIT 


Capacitance 





















































Cin Input 
Court Output fc = 1MHz 
Cio Input/Output Unmeasured pins tied to ground 
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AC ELECTRICAL CHARACTERISTICS! 2; 3 


LIMITS 
SYMBOL PARAMETER | TEST CONDITIONS Ee eae UNIT 


Pulse width 


tres Reset 1000 ns 
tor Chip enable 300 ns 
Set-up and hold time 


Address setup 
Address hold 
RW control setup 
RW control hold 
Data setup for write 
Data hold for write 
RX data setup 

RX data hold 









































C, = 100pF 
CL = 100pF 


Data delay time for read 
Data bus floating time for read 
CE to CE delay 





Input clock frequency 


fang Baud rate generator 1.0 5.0688 | 5.0738 MHz 
fat Txe or Rx de 1.0 MHz 


Clock width 











Baud rate high 
Baud rate low 

TxC or RxT high 
TxT or RxC low 


TxD delay from falling edge of TxC 


Skew between TxD changing and falling edge 
of TxC output* 










on = 100pF 
Cr = 100pF 


NOTES: 

1. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for applicanle tem perature range 
and operating supply range. 

All voltage measurements are referenced to ground. All time measurements are at the 50% level for inputs (except tga, and tga.) and at 
0.8V and 2.0V for outputs. Input levels for testing are 0.45V and 2.4V. 

Typical values are at +25°C, typical supply voltages and typical processing parameters. 

Parameter applies when internal transmitter clock is used. 

Under test conditions of 5.0688MHz, fgrc, tary, and tga, measured at Vi and Vy, respectively. 


tat and tat. shown for all modes except local loopback. For local loopback mode fat = 0.7MHz and tat, = 700ns min. 


nN 


ea di ade ge 
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PIN DESCRIPTION 
SYMBOL 


NAME AND FUNCTION 


8-bit data bus 


Reset 

Internal register select lines 
Read or write command 
Chip enable input 

Data set ready 

Data terminal ready 
Request to send 

Clear to send 

Data carrier detected 
Transmitter empty or data set change 
Transmitter clock 

Receiver clock 

Transmitter data 

Receiver data 

Transmitter ready 

Receiver ready 

Baud rate generator clock 
+5V supply 

Ground 


Table 1. 


—~--O0-O0§§0--00----- 





Baud Rate Generator Characteristics Crystal 


Frequency = 5.0688MHz 


THEORETICAL 
BAUD RATE | FREQUENCY 
16X CLOCK 


NOTE: 
“Error at 19200 can be reduced to zero by using crystal frequency 4.9152MHz. 
16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X. 


BLOCK DIAGRAM 

The PCI consists of six major sections. 
These are the transmitter, receiver, timing, 
operation control, modem control and SYN/ 
DLE control. These sections communicate 
with each other via an internal data bus and 
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ACTUAL 
FREQUENCY 
16X CLOCK 


PERCENT 


ERROR DIVISOR 





an internal control bus. The internal data 
bus interfaces to the microprocessor data 
bus via a data bus buffer. 


Operation Control 
This functional block stores configuration 
and operation commands from the CPU 


13 


and generates appropriate signals to various inter- 
nal sections to control the overall device operation. 
It contains read and write circuits to permit commu- 
nications with the microprocessor via the data bus 
and contains mode registers 1 and 2, the command 
register, and the status register. Details of register 
addressing and protocol are presented in the PCI 
programming section of this data sheet. 


Timing 

The PCI contains a baud rate generator (BRG) 
which is programmable to accept external transmit 
or receive clocks or to divide an external clock to 
perform data communications. The unit can gener- 
ate 16 commonly used baud rates, any one of 
which can be selected for full-duplex operation. 
See Table 1. 


Receiver 

The receiver accepts serial data on the RxD pin, 
converts this serial input to parallel format, checks 
for bits or characters that are unique to the commu- 
nication technique and sends an “assembled” 
character to the CPU. 


Transmitter 

The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts the 
appropriate characters or bits (based on the com- 
munication technique) and outputs acomposite se- 
rial stream of data on the TxD output pin. 


Modem Control 

The modem control section provides interfacing for 
three input signals and three output signals used 
for “handshaking” and status indication between 
the CPU and a modem. 


SYN/DLE Control 

This section contains control circuitry and three 
8-bit registers storing the SYN1, SYN2, and DLE 
characters provided by the CPU. These registers 
are used in the synchronous mode of operation to 
provide the characters required for synchroniza- 
tion, idle fill and data transparency. 


INTERFACE SIGNALS 

The PCI interface signals can be grouped into two 
types: the CPU-related signals (shown in Table 2), 
which interface the SCN2651 to the microproces- 
sor system, and the device-related signals (shown 
in Table 3), which are used to interface to the com- 
munications device or system. 
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Table 2. CPU-Related Signals 


ee INPUT/OUTPUT FUNCTION 


+5V supply input 


Ground 


A high on this input performs a master reset on the SCN2651. This signal asynchronously 
terminates any device activity and clears the mode, command and status registers. The 
device assumes the idle state and remains there until initialized with the appropriate control 
words. 


Address lines used to select internal PCI registers. 
Read command when low, write command when high. 


11 Chip enable command. When low, indicates that control and data lines to the PCI are valid 
and that the operation specified by the RW, A; and Ao inputs should be performed. When 
high, places the De—D; lines in the 3-State condition. 


8-bit, three-state data bus used to transfer commands, data and status between PCI and 
the CPU. Do is the least significant bit, D7 the most significant bit. 


This output is the complement of status register bit SRO. When low, it indicates that the 
transmit data holding register (THR) is ready to accept a data character from the CPU. It 
goes high when the data character is loaded. This output is valid only when the transmitter 
is enabled. It is an open drain output which can be used as an interrupt to the CPU. 


This output is the complement of status register bit SR1. When low, it indicates that the 
receive data holding register (RHR) has a character ready for inputto the CPU. Itgoes high 
when the RHR is read by the CPU, and also when the receiver is disabled. It is an open 
drain output which can be used as an interrupt to the CPU. 


This output is the complement of status register bit SR2. When low, it indicates that the 
transmitter has completed serialization of the last character loaded by the CPU, or thata 
change of state of the DSR or DCD inputs has occurred. This output goes high when the 
status register is read by the CPU, if the TxEMT condition does not exist. Otherwise, the 
THR must be loaded by the CPU for this line to go high. It is an open drain output which 


8,7,6,5 
2, 1, 28, 27 


OPERATION 

The functional operation of the SCN2651 is pro- 
grammed by a set of control words supplied by 
the CPU. These control words specify items 
such as synchronous or asynchronous mode, 
baud rate, number of bits per character, etc. 
The programming procedure is describedin the 
PCI programming section of the data sheet. 


After programming, the PCI is ready to perform 
the desired communications functions. The re- 
ceiver performs serial to parallel conversion of 
data received from a modem or equivalent de- 
vice. The transmitter converts parallel data re- 
ceived from the CPU to a serial bit stream. 
These actions are accomplished within the 
framework specified by the control words. 


Receiver 

The SCN2651 is conditioned to receive data 
when the DCD input is low and the RxEN bit in 
the command register is true. In the asynchro- 
nous mode, the receiver looks for a high to low 
transition of the start bit on the RxD input line. 
If a transition is detected, the state of the RxD 
line is sampled again after a delay of one-half 
of a bit-time. If RxD is now high, the search for 
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can be used as an interrupt to the CPU. 


a Valid start bitis begun again. If RxD is stilllow, 
a valid start bit is assumed and the receiver 
continues to sample the inputline at one bit time 
intervals until the proper number of data bits, 
the parity bit, and one stop bit(s) have been as- 
sembled. The datais then transferred to the re- 
ceive data holding register, the RXRDY bitin the 
status register is set, and the RxRDY output is 
asserted. If the character length is less than 8 
bits, the high order unused bits in the holding 
register are set to zero. The parity error, fram- 
ing error, and overrun error status bits are 
strobed into the status register on the positive 
going edge of RxC corresponding to the re- 
ceived character boundary. Ifa break condition 
is detected (RxD is low for the entire character 
as well as the stop bit[s]), only one character 
consisting of all zeros (with the FE status bit 
set) will be transferred to the holding register. 
The RxD input must return to a high condition 
before a search for the next start bit begins. 


When the PClis initialized into the synchronous 
mode, the receiver first enters the hunt mode on 
a 0 to 1 transition of RxEN (CR2). In this mode, 
as data is shifted into the receiver shift register 
a bit at a time, the contents of the register are 
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compared to the contents of the SYN 1 register. 
If the two are not equal, the next bitis shifted in 
and the comparison is repeated. When the two 
registers match, the hunt mode is terminated 
and character assembly mode begins. If single 
SYN operation is programmed, the SYN detect 
status bit is set. If double SYN operation is pro- 
grammed, the first character assembled after 
SYN1 must be SYN2 in order for the SYN de- 
tect bit to be set. Otherwise, the PCI returns to 
the hunt mode. (Note that the sequence 
SYN1—SYN1-SYN2 will not achieve synchro- 
nization.) When synchronization has been 
achieved, the PCI continues to assemble char- 
acters and transfer them to the holding register, 
setting the RxRDY status bit and asserting the 
RxRDY output each time a character is trans- 
ferred. The PE and OE status bits are set as ap- 
propriate. Further receipt of the appropriate 
SYN sequence sets the SYN detect status bit. 
Ifthe SYN stripping mode is commanded, SYN 
characters are not transferred to the Holding 
Register. Note that the SYN characters used 
to establish initial synchronization are not 
transferred to the holding register in any case. 
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Table 3. Device-Related Signals 


Lee ae INPUT/OUTPUT FUNCTION 


5.0688MHz clock input to the internal baud rate generator. Not required if external receiver 
and transmitter clocks are used. 












Receiver clock. If external receiver clock is programmed, this input controls the rate at 
which the character is to be received. Its frequency is 1X, 16X or 64X the baud rate, as 
programmed by mode register 1. Data are sampledon the rising edge of the clock. Ifinter- 
nal receiver clock is programmed, this pin becomes an output at 1X the programmed baud 
rate.“ 


Transmitter clock. If external transmitter clock is programmed, this input controls the rate 
at which the character is transmitted. Its frequency is 1X, 16X or 64X the baud rate, as pro- 
grammedby mode register 1. The transmitted data changes on the falling edge of the clock. 
If internal transmitter clock is programmed, the pin becomes an output at 1X the pro- 


















NOTE: 


grammed baud rate.” 


when the transmitter is disabled. 


when its state changes. 


changes. 


tion. 
used to indicate data terminal ready. 


used to indicate request to send. 


*RxT and TxC outputs have short circuit protection max. Cy = 100pF 


Transmitter 

The PCI is conditioned to transmit data when 
the CTS input is Low and the TxEN command 
register bit is set. The SCN2651 indicates to 
the CPU that it can accept a character for trans- 
mission by setting the TxRDY status bit and as- 
serting the TxRDY output. When the CPU 
writes a character into the transmit data holding 
register, these conditions are negated. Datais 
transferred from the holding register to the 
transmit shift register when itis idle or has com- 
pleted transmission of the previous character. 
The TxRDY conditions are then asserted 
again. Thus, one full character time of buffering 
is provided. 


In the asynchronous mode, the transmitter au- 
tomatically sends a start bit followed by the pro- 
grammed number of data bits, the least 
significant bit being sent first. It then appends 
an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following 
transmission of the data bits, a new character 
is not available in the transmit holding register, 
the TxD output remains in the marking (high) 
condition and the TxXEMT/DSCHG output and 
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its corresponding status bit are asserted. 
Transmission resumes when the CPU loads a 
new character into the holding register. The 
transmitter can be forced to output a continu- 
ous low (BREAK) condition by setting the send 
break command bit high. 


In the synchronous mode, when the SCN2651 
is initially conditioned to transmit, the TxD out- 
put remains high and the TxRDY condition is 
asserted until the first character to be trans- 
mitted (usually a SYN character) is loaded by 
the CPU. Subsequent to this, a continuous 
stream of characters is transmitted. No extra 
bits (other than parity, if commanded) are gen- 
erated by the PCI unless the CPU fails to send 
anewcharacter to the PC! by the time the trans- 
mitter has completed sending the previous 
character. 


Since synchronous communication does not 
allow gaps between characters, the PCI as- 
serts TXEMT and automatically “fills” the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or 
DLE-SYN1 doublets, depending on the state of 
MR16 and MR17. Normal transmission of the 
message resumes when a new character is 


Serial data input to the receiver. “Mark” is high, “Space” is low. 
Serial data output from the transmitter. “Mark” is high, “space” islow. Heldin mark condition 


General purpose input which can be used for data set ready or ring indicator condition. Its 
complement appears as status register bit SR7. Causes a low output on TXEMT/ 


Data carrier detect input. Must be low in order for the receiver to operate. Its complement 
appears as Status register bit SR6. Causes alow output on TxXEMT/ 


Clear to send input. Must be low in order for the transmitter to operate. If it goes high during 
transmission, the character in the transmit shift register will be transmitted before termina- 


General purpose output which is the complement of command register bit CR1. Normally 


General purpose output which is the complement of command register bit CR5. Normally 


when its state 


available in the transmit data holding register. 
If the send DLE bit in the command register is 
true, the DLE character is automatically trans- 
mitted prior to transmission of the message 
character in the THR. 


PCi PROGRAMMING 

Prior to initiating data communications, the 
SCN2651 operational mode must be pro- 
grammed by performing write operations to the 
mode and command registers. In addition, if 
synchronous operation is programmed, the ap- 
propriate SYN/DLE registers must be loaded. 
The PCl can be reconfigured at any time during 
program execution. However, ifthe change has 
an effect on the reception of a character the re- 
ceiver should be disabled. Alternatively if the 
change is made 1 1/2 RxC periods after RxRDY 
goes active it will affect the next character as- 
sembly. A flowchart of the initialization process 
appears in Figure 1. 


The internal registers of the PCI are accessed 
by applying specific signals to the CE, R/W, A, 
and Ag inputs. The conditions necessary to ad- 
dress each register are shown in table 4. 
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INITIAL RESET 


LOAD 
MODE REGISTER 1 
‘NOTE: 
LOAD ; 
Mode Register 1 must be written 
MODE RECSTER2 before 2 can be written. Mode Register 2 
SYNCHRONOUS? 
Y 


LOAD 
SYN 1 REGISTER 


DOUBLE N yo 
ae ae 
TRANSPARENT 
MODE? 


need not be programmed if external 
clocks are used. 


NOTE: 

SYN1 Register must be written 
before SYN2 can be written, and 
SYN2 before DLE can be written. 


LOAD i 
SYN 2 REGISTER 


TRANSPARENT 
MODE? 


LOAD 
DLE REGISTER 
LOAD | 
COMMAND REGISTER 


C= —— oe eee 


} OPERATE - | 


— oe eee ewae come ommee od 


DISABLE 
RCVR AND XMTR 





Figure 1.SCN2651 Initialization Flowchart 


Table 4. SCN2651 Register Addressing 


FUNCTION 


3-State data bus 
Read receive holding register 
Write transmit holding register 
Read status register 

_ Write SYN1/SYN2/DLE registers 
Read mode registers 1/2 

Write mode registers 1/2 

Read command register 

Write command register 
















sooescco- | 


soresoox|8 





NOTE: 
See AC Characteristics section for timing requirements. 


February 20, 1985 16 


The SYN1, SYN2, and DLE registers are accessed 
by performing write operations with the conditions 
A; = 0, Ag = 1, and R/W = 1. The first operation 
loads the SYN1 register. The next loads the SYN2 
register, and the third loads the DLE register. 
Reading or loading the mode registers is done ina 
similar manner. The first write (or read) operation 
addresses mode register 1, and a subsequent op- 
erationaddresses mode register 2. If more than the 
required number of accesses are made, the inter- 
nal sequencer recycles to point at the first register. 
The pointers are reset to SYN1 register and mode 
register 1 by a RESET input or by performing a 
“read command register” operation, but are unaf- 
fected by any other read or write operation. 


The SCN2651 register formats are summarized in 
Tables 5,6, 7 and 8. Mode registers 1 and 2 define 
the general operational characteristics of the PCI, 
while the command register controls the operation 
within this basic framework. The PCI indicates its 
status in the status register. These registers are 
cleared when a RESET input is applied. 


Mode Register 1 (MR1) 

Table 5 illustrates mode register 1. Bits MR11 and 
MR 10 select the communication format and baud 
rate multiplier. 00 specifies synchronous mode and 
1X multiplier. 1X, 16X, and 64X multipliers are pro- 
grammable for asynchronous format. However, 
the multiplier in asynchronous format applies only 
if the external clock input option is selected by 
MR24 or MR25. 


MR13 and MR12 select a character length of 5, 6, 
7, or 8 bits. The character length does not include 
the parity bit, if programmed, and does not include 
the start and stop bits in asynchronous mode. 


MR 14 controls parity generation. If enabled, a par- 
ity bit is added to the transmitted character and the 
receiver performs a parity check on incoming data. 
MR 15 selects odd or even parity when parity is en- 
abled by MR14. 


In asynchronous mode, MR17 and MR16 select 
character framing of 1, 1.5, or 2 stop bits. (If 1X 
baud rate is programmed, 1.5 stop bits default to 1 
stop bit on transmit.) In synchronous mode, MR17 
controls the number of SYN characters used to es- 
tablish synchronization and for character fill when 
the transmitter is idle. SYN1 alone is used if MR17 
= 1, and SYN1—SYN2 is used when MR17 =0. If 
the transparent mode is specified by MR16, DLE— 
SYN1 is used for character filland SYN detect, but 
he normal synchronization sequence is used. Also 
DLE stripping and DLE detect (with MR14 = 0) are 
enabled. . | 
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Mode Register 2 (MR2) the BRG output has zero error except at 134.5 _ tively. If the BRG clock is selected, the baud 
Table 6 illustrates mode register 2. MR23, 2000, and 19,200 baud, which have errors of rate factor in asynchronous mode is 16X re- 
MR22, MR21, and MR20 control the frequency +0.016%, +0.235%, and +3.125% respectively. gardless of the factor selected by MR11 and 
of the internal baud rate generator (BRG). Six- R25 and MR24 select either the BRG or the MR10. In addition, the corresponding clock pin 
teen rates are selectable. When driven by a provides an output at 1X the baud rate. 


eexternal inputs TxC and RxC as the clock 
5.0688MHz input at the BRCLK input (pin 20), 


source for the transmitter and receiver, respec- 


Table 5. Mode Register 1 (MR1) 


Pe ee Parity Type | Parity Control Character Length Mode and Baud Rate Factor 




















































Async: Stop bit length 0 = Disabled 00 = 5 Bits 00 = Synchronous 1X rate 
00 = Invalid 1 = Enabled 01 = 6 Bits 01 = Asynchronous 1X rate 
01 = 1 Stop bit 10 = 7 Bits 10 = Asynchronous 16X rate 
10 = 1 1/2 Stop bits 11 = 8 Bits 11 = Asynchronous 64X rate 


11 = 2 Stop bits 


Sync: 
Number of SYN 
char 







Syne: 
Transparency 
contro! 











0 = Double SYN 
1 = Single SYN 


0 = Normal 
1 = Transparent 


NOTE: 


Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if internal clock is selected. Mode must be selected 
(MR11, MR10) in any case. 


Table 6. Mode Register 2 (MR2) 


Transmitter Receiver Baud Rate Selection 
Clock Clock 


0 = External O= External 0000 = 50 Baud 1000 = 1800 Baud 
1 = Internal 1 = Internal 0001 = 75 1001 = 2000 


0010 = 110 1010 = 2400 
0011 = 134.5 1011 = 3600 
0100 = 150 1100 = 4800 
0101 = 300 1101 = 7200 
0110 = 600 1110 = 9600 
0111 = 1200 1111 = 19,200 





Table 7. | Command Register (CR) 


[ee eee 


CR4 CR3 
Receive ‘ Transmit 
Operating Mode to Send Reset Error Control eee Control 
(RxEN) y (TxEN) 


00 = Normal operation 0 = Disable 0 = Force DTR | 0 = Disable 
01 = Async: automatic outputhigh | 1 = Reset Force Break 1 = Enable outputhigh | 1 = Enable 


echo mode 1 = Force RTS error flag 0 = Normal 1 = Force DTR 
Sync: SYN and/or DLE output Jow in status reg | 1 = Forcebreak output low 
stripping mode (FE, OE, 
10 = Local Loopback PE/DLE Syne 
11 = Remote Loopback DETECT) Send DLE 
0 = Normal 
1 = Send DLE 
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Table 8. 
SR7 


Data Set 
Ready 


Status Register (SR) 


Asyne: 

0 = Normal 

1 = Framing 
ERROR 


Syne: 


0 = Normal 
1 = SYN char 
detected 


Command Register (CR) 

Table 7 illustrates the command register. Bits 
CRO (TXEN) and CR2 (RxEN) enable ordisable 
the transmitter and receiver respectively. A 0 
to 1 transition of CR2 forces start bit search 
(async mode) or hunt mode (sync mode) on the 
second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the 
transmitter is disabled, it will complete the 
transmission of the character in the transmit 
shift register (if any) prior to terminating opera- 
tion. The TxD output will then remain in the 
marking state (high) while TxRDY and TxXEMT 
will go high (inactive). If the receiver is dis- 
abled, it will terminate operation immediately. 
Any character being assembled will be ne- 
glected. 


Bits CR1 (DTR) and CR5 (RTS) contro! the 
DTR and RTS outputs. Data at the outputs is 
the logical complement of the register data. 


In asynchronous mode, setting CR3 will force 
and hold the TxD output low (spacing condition) 
at the end of the current transmitted character. 
Normal operation resumes when CR3 is 
cleared. The TxD line will go high for at least 
one bit time before beginning transmission of 
the next character in the transmit data holding 
register. In synchronous mode, setting CR3 
causes the transmission of the DLE register 
contents prior to sending the character in the 
transmit data holding register. CR3 should be 
reset in response to the next TxRDY. 


Setting CR4 causes the error flags in the status 
register (SR3, SR4, and SRS5) to be cleared. 
This is a one time command. There is no inter- 
nal latch for this bit. 


The PCI can operate in one of four submodes 
within each major mode (synchronous or 
asynchronous). The operational submode is 
determined by CR7 and CR6. CR7—CR6 =00 
is the normal mode, with the transmitter and re- 
ceiver operating independently in accordance 
with the mode and status register instructions. 


Inasynchronous mode, CR7—CR6 =01 places 
the PCI in the automatic echo mode. Clocked, 
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Data Carrier FE/SYN PE/DLE TxEMT/  ByRDY 
Detect Detect Detect DSCHG 


Asyne: 
0 = Normal 
1 = Parity error 


0 = Normal 
1 = Overrun 
error 


Syne: 

0 = Normal 

1 = Parity 
error or 
DLE char 
received 





regenerated received data are automatically di- 
rected to the TxD line while normal receiver op- 
eration continues. The receiver must be 
enabled (CR2 = 1), but the transmitter need not 
be enabled. CPU to receiver communications 
continues normally, but the CPU to transmitter 
link is disabled. Only the first character of a 
break condition is echoed. The TxD output will 
go high until the next valid start is detected. 


The following conditions are true while in auto- 

matic echo mode: 

1. Data assembled by the receiver are auto- 
matically placed in the transmit holding 
register and retransmitted by the transmit- 
ter on the TxD output. 


2. The transmitter is clocked by the receive 
clock. 


3. TxRDY output = 1. 


4. The TxXEMT/DSCHG pin will reflect only 
the data set change condition. 


5. The TXEN command (CRO) is ignored. 


In synchronous mode, CR7 — CR6 = 01 places 
the PCI in the automatic SYN/DLE stripping 
mode. The exact action taken depends on the 
setting of bits MR17 and MR16: 

1. In the non-transparent, single SYN mode 
(MR17 — MR16 = 10), characters in the 
data stream matching SYN1 are not 
transferred to the receive data holding 
register (RHR). 


2. In the non-transparent, double SYN mode 
(MR17 — MR16 = 00), characters in the 
data stream matching SYN1, or SYN2 if 
immediately preceded by SYN1, are not 
transferred the RHR. However, only the 
first SYN1 of an SYN1 —SYN1 pair is 
stripped. 

3. In transparent mode (MR16 = 1), charac- 
ter in the data stream matching DLE, or 
SYN1 if immediately preceded by DLE, 
are not transferred to the RHR. However, 
only the first DLE of a DLE—-DLE pair is 
stripped. 
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O= 
1 = Change in 


TxRDY 


0 = Transmit 
holding 
register 
busy 

1 = Transmit 
holding 
register 
empty 


0 = Receive 
holding 
register 
empty 

1 = Receive 
holding 
register 
has data 


Normal 


DSR or 
DCD, or 
transmit 
shift 
register is 
emply 


Note that automatic stripping mode does notaf- 
fect the setting of the DLE detect and SYN de-. 
tect status bits (GR3 and SR5). 


Two diagnostic submodes can also be confi- 

gured. In local loopback mode (CR7 — CR6 = 

10), the following loops are connected 

internally: 

1. The transmitter output is connected to the 
receiver input. 


2. DTR is connected to DCD and RTS is 
connected to CTS. 


3. The receiver is clocked by the transmit 
clock. 


4. The DTR, RTS and TxD outputs are held 
high. 


5. The CTS, DCD, DSR and RxD inputs are 
ignored. 


Additional requirements to operate in the local 
loopback mode are that CRO (TxEN), CRI 
(DTR), and CR5 (RTS) must be set to 1. CR2 
(RxEN) is ignored by the PCI. 


The second diagnostic mode is the remote 
loopback mode (CR7 — CR6 = 11). In this 
mode: 

1. Data assembled by the receiver are auto- 
matically placed in the transmit holding 
register and retransmitted by the transmit- 
ter on the TxD output. 


2. The transmitter is clocked by the receive 
clock. 


3. No data is sent to the local CPU, but he 
error status conditions (PE, OE, FE) are 


set. 
4. The RxRDY, TxRDY, and TxEMT/ 
DSCHG outputs are held high. 


5. CRO (TxEN) is ignored. 


All other signals operate normally. 
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Status Register 

The data contained in the status register (as 
shown in Table 8) indicate receiver and trans- 
mitter conditions and modem/data set status. 


SROis the transmitter ready (TxRDY) status bit. 
It, and its corresponding output, are valid only 
when the transmitter is enabled. If equal to 0, 
it indicates that the transmit data holding regis- 
ter has been loaded by the CPU and the data 
has not been transferred to the transmit shift 
register. If set equal to 1, it indicates that the 
Holding Register is ready to accept data from 
the CPU. This bit is initially set when the trans- 
mitter is enabled by CRO, unless a character 
has previously been loaded into the holding 
register. It is not set when the automatic echo 
or remote loopback modes are programmed. 
When this bit is set, the TxRDY output pin is 
low. In the automatic echo and remote loop- 
back modes, the output is held high. 


SR1, the receiver ready (RxRDY) status bit, in- 
dicates the condition of the receive data holding 
register. If set, itindicates thata character has 
been loaded into the holding register from the 
receive shift register and is ready to be read by 
the CPU. If equal to zero, there is no new char- 
acter in the holding register. This bit is cleared 
when the CPU reads the receive data holding 
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register or when the receiver is disabled by 
CR2. When set, the RxRDY output is low. 


The TxEMT/DSCHG bit, SR2, when set, indi- 
cates either a change of state of the DSR or 
DCD inputs or that the transmit shift register 
has completed transmission of a character and 
no new character has been loaded into the 
transmit data holding register. Note thatin syn- 
chronous mode this bit will be set even though 
the appropriate “fill” character is transmitted. 
TxEMT will not go active until at least one char- 
acter has been transmitted. It is cleared by 
loading the transmit data holding register. The 
DSCHG condition is enabled when TxEN = 1 or 
RxEN = 1. If the status register is read twice 
and SR2 = 1 while SR6 and SR7 remain un- 
changed, then a TxEMT condition exists. It is 
cleared when the status register is read by the 
CPU. When SR2 is set, the TxEMT/DSCHG 
output is low. 


SR3, when set, indicates a received parity error 
when parity is enabled by MR14. In synchro- 
nous transparent mode (MR16 = 1), with parity 
disabled, it indicates that a character matching 
the DLE register has been received. However, 
only the first DLE of two successive DLEs will 
setSR3. This bit is cleared when the receiver 
is disabled and by the reset error command, 
CR4. 


The overrun error status bit, SR4, indicates that 
the previous character loaded into the receive 
holding register was not read by the CPU atthe 
time a new received character was transferred 
into it. This bit is cleared when the receiver is 
disabled and by the reset error command, CR4. 


In asynchronous mode, bit SR5 signifies that 
the received character was not framed by the 
programmed number of stop bits. (If 1.5 stop 
bits are programmed, only the first stop bit is 
checked.) If RHR =0 when SR5 = 1, a break 
condition is present. In synchronous 
non-transparent mode (MR16 = 0), itindicates 
receipt of the SYN1 character in single SYN 
mode or the SYN1 — SYN2 pair in double SYN 
mode. In synchronous transparent mode 
(MR16 = 1), this bitis set upon detection of the 
initial synchronizing characters (SYN1 or 
SYN1 — SYN2) and, after synchronization has 
been achieved, when a DLE~SYN1 pair is re- 
ceived. The bitis reset when the receiver is dis- 
abled, when the reset error command is given 
in asynchronous mode, and when the status 
register is read by the CPU in the synchronous 
mode. 


SR6 and SR7 reflect the conditions of the DCD 
and DSR inputs respectively. A low input sets 
its corresponding status bit and a high input 
clears it. 
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TIMING DIAGRAMS 


RESET CLOCK 


BRCLK, 
RESET Txt, Rx 
tRES 





TRANSMIT RECEIVE 





1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) 


se 






Txt 
(INPUT) 


ie 





Rx (1X) 


tTcs 


Txt 
(OUTPUT) 


READ AND WRITE 
CE 


Ao, Ay a q 
<= 


Rw a 
US i BUS 


NOT 
VAUD DATA.VAUE fy FLOATING 
amet ‘oF = 


Do-D7 
(WRITE) 


D B 
Meath FLOATING 
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TIMING DIAGRAMS (Continued) 


TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode)) 


Txt (1X) 
1,;21;3 ;4 15441 4;254;3 (4 57,171,243 54 1,541 '21;3 144755152 5)3 54 75 
| | | | | 
Q | 
TxEN l 


a a oe C 


TE FOR c 
WRITE LY, WY Y D 
OF THR 





SYNCHRONOUS MODE 
3 








TxD 
3 | 
TxEN 
= | | | | | 
3 | | | | | 
3 ¢ TxRDY | 
& 
fe 
> 
o 
< TxEMT 
TE FOR 
WRITE 
OF THR 
DATA 1 DATA 2 DATA 3 DATA 4 
NOTES: 
A = Start bit 
B = Stop bit 1 


D = TxD marking condition 
TxEMT goes low at the beginning of the fast data bit, or, if parity is enabled, at the beginning of the parity bit. 


February 20, 1985 21 





Philips Components—Signetics Data Communication Products | | Product Specification 


Programmable communications interface (PCI) _ = 4 SCN2651 


TIMING DIAGRAMS (Continued) 





RxRDY (Shown for 5-bit characters, no parity, 2 stop bits {in asynchronous mode}) 


IGNORED 
RxEN 


SYNDET 
STATUS BIT 


SYNCHRONOUS MODE 


RxRDY 
D 


NW Sal LY Seg | 


READ READ READ RHR READ RHR READ RHR READ RHR 
STATUS STATUS (DATA 1) (DATA 2) (DATA 3) (DATA 3) 


8 
= 
” 
> 
© 
z 
° 
a 
= 
oO 
=z 
> 
n 
< 


OVERRUN 
STATUS BIT 


CE FOR 
READ 


READ RHR READ RHR 
(DATA 1) (DATA 3) 
NOTES: 
A = Start bit 
B = Stop bit 1 
C = Stop bit 2 
D = TxD marking condition 
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TYPICAL APPLICATIONS 
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ASYNCHRONOUS INTERFACE TO CRT TERMINAL 


ADDRESS BUS 


CONTROL BUS 





DATA BUS 
RxD EIA TO TTL 

| convert | 
TxD (OPT) 





SCN2651 Pees . Wa 
5.0688MHz CRT 
OSCILLATOR TERMINAL 


ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 


ADDRESS BUS 
CONTROL BUS 


DATA BUS 


SCN2651 





ASYNC 
MODEM INTERFACE 
5.0688MHz 
OSCILLATOR 
TELEPHONE 
LINE 
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TYPICAL APPLICATIONS (Continued) 


SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


ral 


SCN2651 
TxD 





SYNCHRONOUS 
TERMINAL OR 


PERIPHERAL 


BKC 
Txt DEVICE 





SYNCHRONOUS INTERFACE TO TELEPHONE LINES 


ADDRESS BUS 


CONTROL BUS 





DATA BUS 





UU 


SCN2651 


INTERFACE 


SYNC 
MODEM 








TELEPHONE 
LINE 


February 20, 1985 24 


Philips Components-Signetics 


Document No. 853-1068 
ECN No. 00927 


Date of Issue November 5, 1990 


Status Product Specification 
Data Communication Products 


DESCRIPTION 

The SCN2652/68652 Multi-Protocol 
Communications Controller (MPCC) is a 
monolithic n-channel MOS LSI! circuit 
that formats, transmits and receives 
synchronous serial data while 
supporting bit-oriented or byte control 
protocols. The chip is TTL compatible, 
operates from a single +5V supply, and 
can interface to a processor with an 8 or 
16-bit bidirectional data bus. 


FEATURES 
© DC to 1Mbps or 2Mbps data rate 


® Bit-oriented protocols (BOP): 
SDLC, ADCCP, HDLC 


® Byte-control protocols (BCP): 
DDCMP, BISYNC (external CRC) 
® Programmable operation 
— 8 or 16-bit tri-state data bus 
~ Error control - CRC or VRC or none 
— Character length — 1 to 8 bits for 
BOP or 5 to 8 bits for BCP 
— SYNC or secondary station address 
comparison for BCP-BOP 


— |Idle transmission of SYNC/FLAG or 
MARK for BCP-BOP 


® Automatic detection and generation of 
special BOP control sequences, i.e., 
FLAG, ABORT, GA 


@ Zero insertion and deletion for BOP 












® Short character detection for last BOP 
data character 


@ SYNC generation, detection, and 
stripping for BCP 


® Maintenance mode for self-testing 
© TTL compatible 
® Single +5V supply 





SCN2652/SCN68652 


Multi-protocol communications 
controller (MPCC) 


APPLICATIONS 
® Intelligent terminals 


® Line controllers 

® Network processors 

® Front end communications 

e Remote data concentrators 

® Communication test equipment 


© Computer to computer links 


PIN CONFIGURATION 


TOP VIEW 


Function in Function 


1 
2 
3 
4 
5 
6 
7 
8 
9 


TOP VIEW 


NOTE: 00 is least significant bit, highest number 
(that is, DB15, A2) is most significant bit. 
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ORDERING CODE 





PACKAGES Extended 

Ceramic DIP SCN2652AM2F40 
Plastic DIP Not Available 
Plastic LCC Contact Factory Not Available 


SCN68652 is identical to SCN2652. Order using part numbers shown above. 














= 
| Hl 
~ 
m 


BLOCK DIAGRAM 


<=——- 16 BITS ———__> ~«<— § BITS—> 
—_——— Vcc 
PARAMETER CONTROL PARAMETER 
SYNC/ADDRESS PCSAR CONTROL {| PCR ~«—— GND 
REGISTER REGISTER 


I 


RECEIVER TRANSMITTER 
DATA/STATUS RDSR DATA/STATUS 
REGISTER REGISTER 


INTERNAL 
BUS 


READ/ 
WRITE 
LOGIC 
AND 
CONTROL RECEIVER TRANSMITTER 
LOGIC AND LOGIC AND 
CONTROL CONTROL 


RxC RxSl Tx TxSO 
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PIN DESCRIPTION 


MNEMONIC aes ee NAME AND FUNCTION 


DB15—DB00 


“Indicates possible interrupt signal 
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Data Bus: DBO7—DBO00 contain bidirectional data while DB15—DB08 contain control and status 
information to or from the processor. Corresponding bits of the high and low order bytes can be wire 
OR’ed onto an 8-bit bus. The data bus is floating if either CE or DBEN are low. 


Address Bus: A2-A0 select internal registers. The four 16-bit registers can be addressed on a word or 
byte basis. See Register Address section. 


Byte: Single byte (8-bit) data bus transfers are specified when this input is high. A low level specifies 
16-bit data bus transfers. 


Chip Enable: A high input permits a data bus operation when DBEN is activated. 


Read/Write: R/W controls the direction of data bus transfer. When high, the data is to be loaded into the 
addressed register. A low input causes the contents of the addressed register to be presented on the 
data bus. 


Data Bus Enable: After A2-AO, CE, BYTE and R/W are set up, DBEN may be strobed. During a read, 
the 3-state data bus (DB) is enabled with information for the processor. During a write, the stable data is 
loaded into the addressed register and TxBE will be reset if TDSR was addressed. 


Reset: A high level initializes all internal registers (to zero) and timing. 


Maintenance Mode: MM internally gates TxSO back to RxS! and TxC to RxC for off line diagnostic 
purposes. The RxC and RxSI inputs are disabled and TxSO is high when MM ts asserted. 


Receiver Enable: A high level input permits the processing of RxS! data. A low level disables the 
receiver logic and initializes all receiver registers and timing. 


Receiver Active: RxA is asserted when the first data character of a message is ready for the processor. 
In the BOP mode this character is the address. The received address must match the secondary station 
address if the MPCC is a secondary station. In BCP mode, if strip-SYNC (PCSAR;,) is set, the first 
non-SYNC character is the first data character; if strip-SYNC is zero, the character following the second 
SYNC is the first data character. In the BOP mode, the closing FLAG resets RxA. In the BCP mode, RxA 
is reset by a low level at RxE. 


Receiver Data Available: RxDA is asserted when an assembled character is in RDSR, and is ready to 
be presented to the processor. This output is reset when RDSR, is read. 


Receiver Clock: RxC (1X) provides timing for the receiver logic. The positive going edge shifts serial 
data into the RxSR from RxSI. 


SYNC/FLAG: S/F is asserted for one RxC clock time when a SYNC or FLAG character is detected. 


Receiver Status Available: RxSA is asserted when there is a zero to one transition of any bit in RDSR,, 
except for RSOM. It is cleared when RDSR, is read. 


Receiver Serial Input: RxS! is the received serial data. Mark = ‘1’, space = ‘0’. 


Transmitter Enable: A high level input enables the transmitter data path between TDSR, and TxSO. At 
the end of a message, a low level input causes TxSO = 1(mark) and TxA = 0 after the closing FLAG 
(BOP) or last character (BCP) is output on TxSO. 


Transmitter Active: TxA is asserted after TSOM (TDSRg) is set and TxE is raised. This output will reset 
when TxE is low and the closing FLAG (BOP) or last character (BCP) has been output on TxSO. 


Transmitter Buffer Empty: TxBE is asserted when the TDSR is ready to be loaded with new control 
information or data. The processor should respond by loading theTDSR which resets TxBE. 


Transmitter Underrun: TxU is asserted during a transmit sequence when the service of TxBE has been 
delayed for one character time. This indicates the processor is not keeping up with the transmitter. Line 
fill depends on PCSAR, 4. TxU is reset by RESET or setting of TSOM (TDSRg), synchronized by the 
falling edge of TxC. 


Transmitter Clock: TxC (1X) provides timing for the transmitter logic. The positive going edge shifts 
data out of the TxSR to TxSO. 


Transmitter Serial Output: TxSO is the transmitted serial data. Mark = ‘t’, space = ‘0’. 
+5V: Power supply. 


Ground: OV reference ground. 
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Table1. Glossary 


SCN2652/SCN68652 


REGISTERS | . _ NO. OF BITS DESCRIPTION* — 


Addressable 
PCSAR Parameter control sync/ 
address register 


PCR 


RDSR 


Transmit data/status register 


Internal 
CCSR 
HSR Holding shift register 
RxSR 
TxSR 
RxCRC 


Receiver shift register 
Transmitter shift register 


register 
TxCRC 
register 


NOTES: 
*H = High byte — bits 15-8 
L = Low byte — bits 7-0 


FUNCTIONAL DESCRIPTION 


The MPCC can be functionally partitioned into 
receiver logic, transmitter logic, registers that 
can be read or loaded by the processor, and 
data bus control circuitry. The register bit 
formats are shown in Figure 1 while the receiver 
and transmitter data paths are depicted in 
Figures 2 and 3. 


Table 2. Error Control 


CHARACTER DESCRIPTION 


FCS Frame check sequence is 
transmitted/received as 16 
bits following the last data 
character of a BOP mes- 
sage. The divisor is usually 
CRC-CCITT (X16 + X12 4 
X5 + 1) with dividend preset 
to 1's but can be other wise 
determined by ECM. The 
inverted remainder is trans- 
mitter as the FCS. 



















Block check character is 
transmitted/received as 
two successive characters 
following the last data char- 
acter of a BCP message. 
The polynomial is CRC—16 
(X18 + X15 4 X2 + 1) or 
CRC-CCITT with dividend 
preset to 0's (as specified 
by ECM). The true remain- 
der is transmitted as the 
BCC. 
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Parameter control register 


Receive data/status register 


Control character shift register 


Receiver CRC accumulation 


Transmitter CRC generation 





‘Table 3. 





PCSARy and PCR contain parameters common to the 
receiver and transmitter. PCSAR, contains a 
programmable SYNC character (BCP) or secondary 
station address (BOP). 


RDSR,, contains receiver status information. 
RDSR, = RxDB contains the received assembled 
character. 


TDSRy contains transmitter command and status 
information. TDSRL = TxDB contains the character to be 
transmitted 


These registers are used for character assembly 
(CSSR, HSR, RxSR), disassembly (TxSR), and 
CRC accumulation/generation (RxCRC, TxCRC). 


Special Characters 


OPERATION BIT PATTERN FUNCTION 


1 Frame message 

1 generation Terminate communication 

1 detection 
GA 1 Terminate loop mode 
repeater function 
Address Secondary station address 
BCP 


SYNC 


(PCSAR,)! 


(PCSAR,) or (TxDB)? 
generation 


Character synchronization 


NOTES: 
1. ( ) =contents of. 
2. For IDLE =0 or 1 respectively. 









76 5 432140 
S/AR 


mo eee oe 
15 14 13 12 11 10 

won [rem] nee [oon] QW frou] noe 
15 14 13 12 11 10 9 8 


NOTE: 
Refer to Register Formats for mnemonics and description. 





TxDB 





Figure 1. Short Form Register Bit Formats 
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RxSl | 


SEL 


FROM 
XMITTER 


NOTES: 


CCSR (8) 
SYNCIFLAG' ZERO (BO 
COMPARATOR LOGIC 


1. Detected in SYNC FF and 7 MS bits of CCSR. 
2. In BOP mode, a minimum of two data characters must be received to turn the receiver active. 


Figure 2. MPCC Receiver Data Path 


NOTES: 


TRANS- 
MITTER 
CONTROL 
LOGIC 


PARITY (BCP) 
LOGIC 


RxCRC ACC 


BPE tee 


BOP * CRC 


ZERO 
DELETION 
CONTROL 


CRC-16 (BCP) OR CRC-16 = 0 
CCRC-CCITT COMPARATOR 
(BOP) CRC-CCIT = FOB 


RECEIVER 
CONTROL 
LOGIC 


FROM 


TosR, OF PCSARL (SYNC) 


TxSR (8) 


TxCRC ACC (16) 
CRC-16 OR CRC-CCITT 


CONTROL 
CHARACTER 
GENERATOR 


FLAG ABORT GA 


1. TxCRC selected it TEOM = 1 and the last data character has been shifted out of fxSR. 
2. In BCP parity selected will be generated after each character is shifted out of TxSR. 
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BOP 
ZERO 
INSERTION ZERO 
LOGIC INSERTION 
CONTROL 





BCP 
PARITY 
GENERATION 


Figure 3. MPCC Transmitter Data Path 
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RECEIVER OPERATION 


General 

After initializing the parameter control registers 
(PCSAR and PCR), the RxE input must be set 
high to enable the receiver data path. The serial 
data on the RxSI is synchronized and shifted 
into an 8-bit Control Character Shift Register 
(CCSR) on the rising edge of RxC. A 
comparison between CCSR contents and the 
FLAG (BOP) or SYNC (BCP) character is made 
until a match is found. At that time, the S/F 
output is asserted for one RxC time and the 
16-bit Holding Shift Register (HSR) is enabled. 
The receiver then operates as described below. 


BOP Operation | 

A flowchart of receiver operation in BOP mode 
appears in Figure 4. Zero deletion (after five 
ones are received) is implemented on the 
received serial data so that a data character will 
not be interpreted as a FLAG, ABORT, or GA. 
Bits following the FLAG are shifted through the 
CCSR, HSR, and into the Receiver Shift 
Register (RxSR). A character will be assembled 
in the RxSR and transferred to the RDSR, for 
presentation to the processor. At that time the 
RxDA output will be asserted and the processor 
must take the character no later than one RxC 
time after the next character is assembled in the 
RxSR. If not, an overrun (RDSR,, = 1) will occur 
and succeeding characters will be lost. 


The first character following the FLAG is the 
secondary station address. If the MPCC is a 
secondary station (PCSAR}j2 = 1), the contents 
of RxSR are compared with the address stored 
in PCSAR_. A match indicates the forthcoming 
message is intended for the station; the RxA 
output is asserted, the character is loaded into 
RDSR,_, RxDA is asserted and the Receive 
Start of Message bit (RSOM) is set. No match 
indicates that another station is being ad- 
dressed and the receiver searches for the next 
FLAG. 


Ifthe MPCC is aprimary station, (PCSAR j2 = 0), 
no secondary address check is made; RxA is 
asserted and RSOM is set once the first 
non-FLAG character has been loaded into 
RDSR,_ and RxDA has been asserted. 


Extended address field can be supported by - 


software if PCSAR;> = 0. 


When the 8 bits following the address character 
have been loaded inte RDSR, and RxDA has 
been asserted, RSOM will be cleared. The 
processor should read this 8-bit character and 
interpret it as the Control field. 


Received serial data that follows is read and 
interpreted as the information field by the 
processor. It will be assembled into character 
lengths as specified by PCRg_19. As before, 
RxDA is asserted each time a character has 
been transferred into RDSR, and is cleared 
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INITIALIZE PCSAR, PCR 


PROCESSOR 


S/F =1 
FOR ONE RxC 
BIT TIME 


i TEST MADE EVERY | 
RxC TIME 





ASSEMBLE CHARACTER 
IN RxSR. ZERO DELETION, 
ACCUMULATE CRC IF 


SPECIFIED 


CHARACTER 
AFTER FLAG 


START OF 
MESSAGE 


NO 


RxA = 1 
RSOM = 1 
FOR ONE 

CHARACTER 
TIME 


RxDA = 1 
(PROCESSOR 
SHOULD 


READ RxDB) RECEIVER 


(1) OVERRUN (ROVRN) 
CAUSES LOSS OF 
SUBSEQUENT 
CHARACTERS 


SECONDARY 
STATION 
ADDRESS 


iS 
CHARACTER 
YES = PCSARL 


(PCSAR}2 = 1) : 


(PCSAR 49 = 0) 


RxSR — RxDB 


STATUS BITO — 1 


(PROCESSOR SHOULD «———_-__—_ 
READ AND EXAMINE 
RDSRy - REOM, RAB/GA, 
ROVRN, ABC, RERR) 


—Sss” 


f 


S/F = 1 FOR ONE RxC 
BIT TIME 
REOM = 1, RxA =0 





YES - 


END OF MESSAGE 


Figure 4. BOP Receive 


when RDSR_ is read by the processor. 
RDSRy should only be read when RxSA is 
asserted. This occurs on a zero to one 
transition of any bit in RDSRy except for 
RSOM. RxSA and ail bits in RDSRy, except 
RSOM are cleared when RDSRy is read. The 
processor should check RDSRg_15 each time 
RxSA is asserted. If RDSRg is set, then 
RDSR 342.15 should be examined. 
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Receiver character length may be changed 
dynamically in response to RxDA: read the 
characterin RxDB and write the new character 
length into RxCL. The character length will be 
changed on the next receiver character 
boundary. A received residual (short) charac- 
ter will be transferred into RxDB after the 
previous character in RxDB has been read, i.e. 
there will not be an overrun. In general the last 
two characters are protected from overrun. 
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The CRC-CCITT, if specified by PCSARg¢_19, is 
accumulated in RxCRC on each character 
following the FLAG. When the closing FLAG is 
detected in the CCSR, the received CRC is in 
the 16-bit HSR. At that time, the Receive End of 
Message bit (REOM) will be set; RxSA and 
RxDA will be asserted. The processor should 
read the last data character in RDSR, and the 
receiver status in RDSRg_j5. If RDSRi5 = 1, 
there has been a transmission error; the 
accumulated CRC-CCITT is incorrect. If 
RDSRj2-14 # 0, last data character is not of 
prescribed length. Neither the received CRC 
nor closing FLAG are presented to the 
processor. The processor may drop RxE or 
leave it active at the end of the received 
message. 


BCP Operation 

The operation of the receiver in BCP mode is 
shown in Figure 5. The receiver initially 
searches for two successive SYNC characters, 
of length specified by PCRg_jo, that match the 
contents of PCSAR,. The next non-SYNC 
character or next SYNC character, if stripping is 
not specified (PCSAR;3 = 0), causes RxA to be 
asserted and enables the receiver data path. 
Once enabled, all characters are assembled in 
RxSR and loaded into RDSR,. RxDA is active 
when a character is available in RDSR,. RxSA 
is active on a 0 to 1 transition of any bit in 
RDSRy. The signals are cleared when RDSRI 
or RDSRy are read respectively. 


lf CRC-—16 error control is specified by 
PCSARg_10, the processor must determine the 
last character received prior to the CRC field. 
When that character is loaded into RDSR, and 
RxDA is asserted, the received CRC will be in 
CCSR and HSR_. To check for a transmission 
error, the processor must read the receiver 
status (RDSRy) and examine RDSRjs. This bit 
will be set for one character time if an error free 
message has been received. If RDSR;s5 =0, the 
CRC-16 is in error. The state of RDSR;5 in BCP 
CRC mode does not set RxSA. Note that this bit 
should be examined only at the end of a 
message. The accumulated CRC will include all 
characters starting with the first non-SYNC 
character if PCSAR,3 = 1, or the character after 
the opening two SYNCs if PCSAR;3 = 0. This 
necessitates external CRC generation/check- 
ing when supporting IBM's BISYNC. This can 
be accomplished using the Signetics SCN2653 
Polynomial Generator/Checker. See Typical 
Applications. 


If VRC has been selected for error control, parity 
(odd or even) is regenerated on each character 
and checked when the parity bit is received. A 
discrepancy causes RDSR;s5 to be set and 
RxSA to be asserted. This must be sensed by 
the processor. The received parity bit is stripped 
before the character is presented to the 
processor. 
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PROCESSOR 


S/F = 1 FOR ONE 
RxC BIT TIME 


NO 


RAS) << 


ASSEMBLE CHARACTER 
IN RxSR, STRIP VRC IF 
SPECIFIED, ACCUMULATE 
CRC IF SPECIFIED 


RxDA =1 

(PROCESSOR 
SHOULD READ 
RxDB) 


ANY 


RECEIVER 
STATUS BIT 


0-1 


RxSA = 1 
(PROCESSOR SHOULD 
READ AND EXAMINE 
RDSRy - ROVRN, 
RERR (IF VRC 
SPECIFIED) 


RxE = 0 

WHEN LAST 
CHARACTER HAS 
BEEN SERVICED 


NOTES: 
1. Test made every RxC time. 
2. Test made on Rx character boundary. 


RxSR > RxDB 


INITIALIZE PCSAR, PCR 


RxE = 10 ———__»> 
YES 


(1) SYNCs ARE ASSEMBLED 

(2) OVERRUN (ROVRN) CAUSES 
LOSS OF SUBSEQUENT 
CHARACTERS 


Figure 5. BCP Receive 





When the processor has read the last 
character of the message, it should drop RxE 
which disables the receiver logic and 
initializes all receiver registers and timing. 


TRANSMITTER OPERATION 


General 

After the parameter control registers (PCSAR 
and PCR) have been initialized, TxSO is held 
at mark until TSOM (TDSRg) is set and TxE is 
raised. Then, transmitter operation depends 
on protocol mode. 
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BOP Operation 

Transmitter operation for BOP is shown in 
Figure 6. A FLAG is sent after the processor 
sets the Transmit Start of Message bit(TSOM) 
and raises TxE. The FLAG is used to 
synchronize the message that follows. TxA 
will also be asserted. When TxBE is asserted 
by the MPCC, the processor should load 
TDSR, with the first character of the message. 
TSOM should be cleared at the same time 
TDSR,_ is loaded (16-bit data bus) or 
immediately thereafter (8-bit data bus). 
FLAGS are sent as long as TSOM = 1. For 
counting the number of FLAGs, the processor 
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INITIALIZE PCSAR, PCR, TOSRyY 


(A) 


TSOM = 1 
TxE =1 


TxA =1 


TxBE = 1 TRANSMIT FLA 
PROCESSOR on eb e 
SHOULD LOAD 


(PROCESSOR MAY 
SET TABORT, TGA, ——- 


(PROCESSOR MUST CLEAR 
TABORT/GA IN RESPONSE 
TO TxBE = 1) 
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character is serialized in TxSR and transmitted 
on TxSO. Internal zero insertion logic stuffs a “O” 
into the serial bit stream after five successive 
“1s” are sent. This insures a data character will 
not match a FLAG, ABORT, or GA reserved 
control character. As each character is 
transmitted, the Frame Check Sequence 
(FCS) is generated as specified by Error 
Control Mode (PCSARg_10). The FCS should be 
the CRC-CCITT polynomial (X'§ + X12 + X5 + 
1) presetto 1s. lfanunderrun occurs (processor 
is not keeping up with the transmitter), TxU and 
TERR (TDSRj5) will be asserted with ABORT or 
FLAG used as the TxSO line fill depending on 
the state of IDLE (PCSAR;,). The processor 
must set TSOM to reset the underrun condition. 
To retransmit the message, the processor 
should proceed with the normal start of 
message sequence. 


AS REQUIRED) 
A residual character of 1 to 7 bits may be 


TxDB AND | ec 
transmitted at the end of the information field. In 


TSOM = 0) 
TABORT 
as response to TxBE, write the residual character 


NO length into TxCL and load TxDB with the 
residual character. Dynamic alteration of 
character length should be done in exactly the 
same sequence. The character length will be 
changed on the next transmit character 
boundary. 


TxSO = ABORT = 11111111 IF IDLE = 0 
FLAG = 01111110 IF IDLE = 1 


TxSO = ABORT IF IDLE = 0 


ON UNDERRUN: | 
TxU = 1, TERR = 1 YES 
(PROCESSOR ~#+—— 
Coce FLAG IF IDLE = 1 
SET TSOM) 
NO 
SERIALIZE DATA CHARACTER 


TxBE = 1 IN TxDB, ZERO INSERTION, 
(PROCESSOR ~<—— ACCUMULATE CRC IF 
SHOULD LOAD SPECIFIED BY ECM, 
TxDB WITH NEXT TRANSMIT ON TxSO 
DATA CHAR) 


After the last data character has been loaded 
into TDSR, and sent to TxSR (TxBE = 1), the 
processor should set TEOM (TDSRg). The 
MPCC will finish transmitting the last character 
followed by the FCS and the closing FLAG. The 
processor should clear TEOM and drop TxE 
when the next TxBE is asserted. This 
corresponds to the start of closing FLAG 
transmission. When TxE has been dropped. 
TxA will be low 1 1/2 bit times after the last bit 
of the closing FLAG has been transmitted. 
TxSO will be marked after the closing FLAG has 
been transmitted. 


lf TxE and TEOM are high, the transmitter 
continues to send FLAGs. The processor may 
initiate the next message by resetting TEOM 
and setting TSOM, or by loading TDSR, with a 
data character and then simply resetting TSOM 
(without setting TSOM). 





TRANSMIT ACCUMULATED 
FCS (IF SPECIFIED) AS 
INVERTED REMAINDER 


(PROCESSOR SHOULD 
RESET TEOM AND SET 
TSOM OR DROP TxE) 


BCP Operation | 
Transmitter operation for BCP mode is shown in 
Figure 7. TxA will be asserted after TSOM = 1 
and TxE is raised. At that time SYNC characters 
are sent from PCSAR_, or TDSR, (IDLE = 0 or 
1) as long as TSOM = 1. TXBE is asserted at the 
start of transmission of the first SYNC character. 
For counting the number of SYNCs, the 
processor should reassert TSOMin response to 
the assertion of TxBE. When TSOM = 0 
transmission is from TDSR,, which must be 
loaded with characters from the processor each 
time TxBE is asserted. If this loading is delayed 
should reassert TSOM in response to the All succeeding characters are loaded into for more than one character time, an underrun 
assertion of TxBE. TDSR, by the processor when TxBE =1.Each results: TxU and TERR are asserted and the 
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A) 


*GA will be transmitted if TGA is set together with TEOM. 
Figure 6. BOP Transmit 
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PROCESSOR 


INITIALIZE PCSAR, PCR, TDOSRY 


TxSO = MARK 


TRANSMIT SYNC ON TxSO 
SYNC FROM PCSAR, - IDLE = 0 
SYNC FROM TxDB IDLE = 1 


NO 
AFTER SYNC(S), PROCESSOR 
LOADS DATA CHARACTER eniler > 
IN TxDB AND TSOM = 0 YES 


TxBE = 1 
(PROCESSOR 
SHOULD LOAD TxDB) 


SERIALIZE DATA CHARACTER 
IN TxDB, GENERATE VRC 
OR ACCUMULATE CRC AS 

SPECIFIED, TRANSMIT ON TxSO 


(PROCESSOR SHOULD NO 
GET TEOM ATEND OF __| : NO 6) 
MESSAGE IF CRC 
SPECIFIED) 
ves YES 


TxU = 1, TERR = 1 
(PROCESSOR SHOULD 
SET TSOM = 1) 


TRANSMIT ACCUMULATED 


TxSO = SYNC FROM PCSAR_ IF IDLE = 0 
MARK IF IDLE = 1 
UNTIL TSOM = 1 


CRC SPECIFIED (IF NO 
CRC, TEOM SHOULD = 0) 


TxBE = 1 <—__________ 
(PROCESSOR 
SHOULD CLEAR 
TEOM AND DROP 
TxE) ————_> 


©) > | YES 


© 


NO! 1xSO = SYNC OR TxDB DEPENDING ON 
IDLE BIT 


Figure 7. BCP Transmit 


TxSOline fill depend on IDLE (PCSAR;,;). The 
processor must set TSOM and retransmit the 
message to recover. This is not compatible 
with IBM's BISYNC, so that the user must not 
underrun when supporting that protocol. 


CRC-16, if specified by PCSARg jo, is 
generated on each character transmitted from 
TDSR_ when TSOM =0. The processor must 
set TEOM = 1 after the last data character has 
been sent to TxSR (TxBE = 1). The MPCC will 
finish transmitting the last data character and 
the CRC-16 field before sending SYNC 
characters which are transmitted as long as 
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TEOM = 1. If SYNCs are not desired after 
CRC-—16 transmission, the processor should 
clear TEOM and lower TxE when the TxBE 
corresponding to the start of CRC-16 
transmission is asserted. When TEOM = 0, the 
line is marked and a new message may be 
initiated by setting TSOM and raising TxE. 


If VRC is specified, itis generated on each data 
character and the data character length must 
not exceed 7 bits. For software LRC or CRC, 
TEOM should be set only if SYNC’s are 
required at the end of the message block. 
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Special Case 

The capability to transmit 16 spaces is provided 
for line turnaround in half duplex mode or for a 
control recovery situation. This is achieved by 
setting TSOM and TEOM, clearing TEOM when 
TxBE = 1, and proceeding as required. 


PROGRAMMING 

Prior to initiating data transmission or reception, 
PCSAR and PCR must be loaded with control 
information from the processor. The contents of 
these registers (see Register Format section) 
will configure the MPCC for the user's specific 
data communication environment. These regis- 
ters should be loaded during power-on 
initialization and after a reset operation. They 
can be changed at any time that the respective 
transmitter or receiver is disabled. 


The default value for all registers is zero. This 
corresponds to BOP, primary station mode, 
8-bit character length, FCS = CRC-CCITT 
preset to 1s. 


For BOP mode the character length register 
(PCR) may be set to the desired values during 
system initialization. The address and control 
fields will automatically be 8-bits. If a residual 
character is to be transmitted, TxCL should be 
changed to the residual character length prior to 
transmission of that character. 


DATA BUS CONTROL 

The processor must set up the MPCC register 
address (A2—A0), chip enable (CE), byte select 
(BYTE), and read/write (R/W) inputs before 
each data bus transfer operation. 


During a read operation (R/W = 0), the leading 
edge of DBEN will initiate an MPCC read cycle. 
The addressed register will place its contents on 
the data bus. If BYTE = 1, the 8-bit byte is placed 
on DB15—08 or DB07—00 depending on the H/L 
status of the register addressed. Unused bits in 
RDSR, are zero. lf BYTE = O, all 16 bits 
(DB15-00) contain MPCC information. The 
trailing edge of DBEN will reset RxDA and/or 
RxSA if RDSR_ or RDSRyY is addressed 
respectively. 


DBEN acts as the enable and strobe so that the 
MPCC will not begin its internal read cycle until 
DBEN is asserted. 


During a write operation (R/W = 1), datamust be 
stable on DBy59g and/or DBoz_99 prior to the 
leading edge of DBEN. The stable data is 
strobed into the addressed register by DBEN. 
TXxBE will be cleared if the addressed register 
Was TDSRy, or TDSR,. 
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Table 4. MPCC Register Addressing 


REGISTER 
BYTE=0 16-BIT DATA BUS = DB,5 — DBoo 
0 


0 
1 
1 


BYTE=1 8-BIT DATA BUS = DB7_, or DB,s5 9” 





0 
1 
0 
{ 
0 
1 
0 
1 


NOTES: 
* PCR lower byte does not exist. It will be all “O"s when read. 
“™ Corresponding high and low order pins must be tied together. 


Table 5. Parameter Control Register (PCR)-(R/W) 



















08-10 RxCL BOP/BCP Receiver character length is loaded by the processor when RxCLE = 0. The character length 
is valid after transmission of single byte address and control fields have been received. 

10 9 8 Char length (bits) 

0 0 0 8 

0 0 1 1 

0 1 0 2 

0 1 1 3 

1 0 0 4 

1 0 1 5 

1 1 0 ; 

1 1 1 


RxCLE BOP/BCP Receiver character length enable should be zero when the processor loads RxCL. The 
remaining bits of PCR are not affected during loading. Always 0 when read. 
TXCLE BOP/BCP Transmitter character length enable should be zero when the processor loads TxCL. The 
remaining bits of PCR are not affected during loading. Always 0 when read. 
beac 15 ~ TXCL BOP/BCP Transmitter character length is loaded by the processor when TxCLe = 0. Character bit length 
specification format is identical to RXCL. It is valid after transmission of single byte address and 
control fields. 
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Table 6. Parameter Control SYNC/Address Register (PCSAR)—(R/W) 


BIT | NAME | FUNCTION 


00-07 S/AR a SYNC/address register. Contains the secondary station address if the MPCC is a secondary 















station. The contents of this register is compared with the first received non-FLAG character to 
determine if the message is meant for this station. 


SYNC character is loaded into this register by the processor. It is used for receive and transmit 
bit synchronization with bit length specified by RxCL and TxCL. 


















08-10 ECM BOP/BCP | Error Control Mode 10 9 .8§  ##SuggestedMode Char, length 
CRC-CCITT preset to 1's 0 0 0 BOP 1-8 
CRC-CCITT presetto0’s 0 0 1 BCP 8 
Not used 0 1 0 —_— 
CRC-—16 preset to 0's 0 1 1 BCP 8 
VRC odd 1 0 0 BCP 5-7 
VRC even 1 0 1 BOP 5-7 
Not used 1 1 0 — 
No error control 1 1 1 BCP/BOP 5-8 
ECM should be loaded by the processor during initialization or when both data paths are idle. 






Determines line fill character to be used if transmitter underrun occurs (TxU asserted and TERR 
set) and transmission of special characters for BOP/BCP. 


IDLE = 0, transmit ABORT characters during underrun and when TABORT = 1. 
IDLE = 1, transmit FLAG characters during underrun and when TABORT = 1. 






IDLE = 0 transmit initial SYNC characters and underrun fine fill characters from theS/AR. 
IDLE = 1 transmit initial SYNC characters from TxDB and marks TxSO during underrun. 















Secondary Address Mode = 1 if the MPCC is a secondary station. This facilitates automatic 
recognition of the received secondary station address. When transmitting, the processor must 
load the secondary address into TxDB. 

SAM = 0 inhibits the received secondary address comparison which serves to activate the 
receiver after the first non-FLAG character has been received. 


Strip SYNC/Go Ahead. Operation depends on mode. 





SS/GA = 1 is used for loop mode only and enables GA detection. When a GA is detected as 
a closing character, REOM and RAB/GA will be set and the processor should terminate the 

repeater function. SS/GA = 0 is the normal mode which enables ABORT detection. It causes 
the receiver to terminate the frame upon detection of an ABORT or FLAG. 












SS/GA = 1, causes the receiver to strip SYNC’s immediately following the first two SYNC’s 
detected. SYNC’s in the middle of a message will not be stripped. SS/GA = 0, presents any 
SYNC's after the initial two SYNC’s to the processor. 


- = 


Determines MPCC Protocol mode 





PROTO =0 
PROTO = 1 


All parties address. If this bit is set, the receiver data path is enabled by an address field of 
‘11111111’ as well as the normal secondary station address. 


14 PROTO 
BOP 
BCP 


cheat mceraee! 
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oe 7. Transmit Data/Status ee (TDSR) (R/W except TDSR15) 
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| FUNCTION | | 


ee data buffer. Contains processor loaded characters to be serialized in TxSR and 
transmitted on TxSO. 


Transmitter start of message. Set by the processor to initiate message transmission provided 
TxE = 1. 


TSOM = = 1 generates FLAGs. When TSOM = 0 transmission is from TxDB and FCS generation 


(if specified) begins. FCS, as specifi ied by PCSAR¢-10, should be CRC-—CCITT preset to 1’s. 


TSOM = 1 generates SYNCs from PCSAR, or transmits from TxDB for IDLE = 0 or 1 
respectively. When TSOM = 0 transmission is from TxDB and CRC generation (if specified) 
begins. 


Transmit end of message. Used to terminate a transmitted message. 


TEOM = 1 causes the FCS and the closing FLAG to be transmitted following the transmission 
of the data character in TxSR. FLAGs are transmitted until TEOM = 0. ABORT or GA are 
transmitted if TABORT or TGA are set when TEOM = = |, 


TEOM = 1 causes CRC-—16 to be transmitted (if selected) followed by SYNCs from PCSAR, 
or TxDB (IDLE = 0 or 1). Clearing TEOM prior to the end of CRC—16 transmission (when 
TxBE = 1) causes TxSO to be marked following the CRC—16. TxE must be dropped before a 
new message can be initiated. If CRC is not selected, TEOM should not be set. 


Transmitter abort = 1 will cause ABORT or FLAG to be sent (IDLE = 1 or 1) after the current 
character is transmitted. (ABORT = 11111111) 


Transmit go ahead (GA) instead of FLAG when TEOM = 1. This facilitates repeater termination 
in loop mode. (GA = 01111111) 


Transmitter error = 1 indicates the TxDB has not been loaded in time (one character time—1/2 
TxC period after TxBE is asserted) to maintain continuous transmission. TxU will be asserted 
to inform the processor of this condition. TERR is cleared by setting TSOM. See timing diagram. 


ABORT's or FLAG's are sent as fill characters (IDLE = 0 or 1) 


SYNC’s or MARK's are sent as fill characters (IDLE = 0 or 1). For IDLE = 1 the last character 
before underrun is not valid. 





36 


Product ppeaieatel 


Philips Components—Signetics Data Communication Products Product Specification 





Multi-protocol communications controller (MPCC) ~ $CN2652/SCN68652 





Table 8. Receiver Data/Status Register (RDSR)—(Read Only) 


| BIT | NAME | MODE | | FUNCTION 


00-07 BOP/BCP Receiver data buffer. Contains assembled characters from the RxSR. If VRC is specified, the 


parity bit is stripped. 
RSOM 
REOM 
RAB/GA 


- oes 


RERR BOP/BCP 


ABSOLUTE MAXIMUM RATINGS!" 


PARAMETER RATING UNIT 


Ta Operating ambient temperature@ Note 4 
-€65 to +150 
—0.3 to +15 
-0.3 to +7 






















Receiver start of message = 1 when a FLAG followed by a non-FLAG has been received and 
the latter character matches the secondary station if SAM = 1. RxAwill be asserted when RSOM 
= 1. RSOM resets itself after one character time and has no affect on RxSA. 





Receiver end of message = 1 when the closing FLAG is detected and the last data character 
is loaded into RxDB or when an ABORT/GA character is received. REOM is cleared on reading 
RDSRu, reset operation, or dropping of RxE. 


Received ABORT or GA character = 1 when the receiver senses an ABORT character if SS/GA 
= 0 ora GA character if SS/GA = 1. RAB/GA is cleared on reading RDSRy, reset operation, or 
dropping of RxE. A received abort does not set RxDA. 















BOP/BCP Receiver overrun = 1 indicates the processor has not read last character in the RxDB within one 
character time + 1/2 RxC period after RxDA is asserted. Subsequentcharacters will be lost. ROR 


is cleared on reading RDSRy, reset operation, or dropping of RxE. 














Assembled bit count. Specifies the number of bits in the last received data character of a mes- 
sage and should be examined by the processor when REOM = 1(RxDA and RxSA asserted). 
ABC = O indicates the message was terminated (by a flag or GA) on a character boundary as 
specified by PCRg_19. Otherwise, ABC = number of bits in the last data character. ABC is cleared 
when RDSRy is read, reset operation, or dropping RxE. The residual character is right justified 
inRDSR,. 


Receiver error indicator should be examined by the processor when REOm = 1 in BOP, or when 
the processor determines the last data character of the message in BCP with CRC or when 
RxSA is set in BCP with VRC. 
CRC-—CCITT preset to 1's/0's as specified by PCSARg_ 19: 

RERR = 1 indicates FCS error (CRC # FOB8 or # 0) 

RERR = 0 indicates FCS received correctly (CRC = FOB8 or = 0) 
CRC~16 preset to 0’s on 8-bit characters specified by PSCARg_10: 

RERR = 1 indicates CRC-16 received correctly (CRC = 0). 

RERR = 0 indicates CRC—16 error (CRC#0) 
VRC specified by PCSARg_ 10: 
RERR = 1 indicates VRC error 
RERR = 0 indicates VRC is correct. 


























Tstc Storage temperature 





Input or output voltages with respect to GND? 
With respect to GND 





NOTES: 

1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operation sections of this specification is not 
implied. 

2. For operating at elevated temperatures the device must be derated based on +150°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for applicable temperature range 
and operating supply range. 
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DC ELECTRICAL CHARACTERISTICS! 2 


: LIMITS 
PARAMETER | TEST CONDITIONS | Min [Typ | Max | UNIT 


Input voltage 
Vi Low 
Vin High 


Output voltage . V 
VoL Low lo. = 1.6mA 0.4 
~~ Von High lon = -1 OOpA 2.4 


loc Power supply current Voc = 5.25V, Ta=0°C | is ra 






























Leakage current 













At Input Vin = 0 to 5.25V 
lot Output Vout = 0 to 5.25V 
Capacitance 


Cin Input Vin = OV, f = 1MHz 
Cout Output Vout = OV, f = 1MHz 





AC ELECTRICAL CHARACTERISTICS! 2 3 


PARAMETER 


_ Set-up and hold time 
tacs Address/control set-up 
tacH Address/control hold 
tos Data bus set-up (write) 
~ tox Data bus hold (write) 
trxs Receiver serial data set-up 
TAH Receiver serial data hold 


Pulse width 
tRes RESET 


Delay Time 

top. Data bus (read) 

trxo Transmit serial data 
topenp OBEN to DBEN delay 


| tor Data bus float time (read) 
f Clock (RxC, TxC) frequency 


toiK1 Clock high (MM = 0) 
tcLK2 Clock high (MM = 1) 
tcLKo Clock low 

NOTES: . 

1. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for applicable temperature range 
and operating supply range. 

2. All voltage measurements are referenced to ground. All time measurements are at 0.8V or 2.0V. Input voltage levels for testing are 0.4V and 
2.4V. 

3. Output load C, = 100pF. 

4. m=TxC low and applies to writing to TDSRy only. 
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TIMING DIAGRAMS 
RESET AND WRITE DATA BUS 


DBEN 


Ap, Aa a @ 


tacs 
CE, RW, 
BYTE 
tacs 


Do-P15 FLroaTinG | X VALID X VAUD] X FLOATING 


(READ) 
‘DF 


ae Kf) 


(WRITE) 
‘DH 


lice | 
| ‘CLKO —— >“ — tCLK1 
| trxs | tRxu 
| 
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TIMING DIAGRAMS (Continued) 





TRANSMIT — START OF MESSAGE 


SYNC/FLAG! fee al 1ST CHAR 


is hal 


SET TSOM LOAD 1stCHAR RESET TSOM LOAD 2nd CHAR 


NOTES: 


SYNC may be 5 to 8 bits and will contain parity bit as specified. 

TxA goes high relative to TxC rising edge after TSOM has been set and TxE has been raised. 

TxBE goes low relative to DBEN falling edge on the first write transfer into TDSR. It is reasserted 1 TxC time before the first bit of the transmitted SYNC/FLAG. TxBE then goes 
low relative to DBEN falling edge when writing into TDSR,, and/or TDSR,. It is reasserted on the rising edge of the TxC that corresponds to the transmission of the last bit of each 
character, except in BOP mode when the CRC is to be sent as the next character (see Transmit Timing—End of Message). 


TRANSMIT — END OF BOP MESSAGE 


TxSO NEXT TO LAST CHAR LAST CHAR 


TxBE! 


LOAD LAST CHAR SET TEOM RESET TEOM 


NOTES: 
TxBE goes low relative to the falling edge of DBEN corresponding to loading TDSR,y. !t goes high one TxC before character transmission begins and also when TxA has been 
dropped. . 
TxE can be dropped before resetting TEOM if TxBE (corresponding to the closing FLAG) is high. Alternatively TxE can remain high and a new message initiated. 
TxA goes low after TxE has been dropped and 1 1/2 TxC's after the last bit of the closing FLAG has been transmitted. 
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TIMING DIAGRAMS (Continued) 





TRANSMIT TIMING — END OF BCP MESSAGE 


TxSO NEXT TOLAST CHAR LAST CHAR 


TxBE | | | | | 


LOAD LAST CHAR SET TEOM RESET TEOM 


NOTE: 


1. When SCN2652 generated CRC is not required. TEOM should only be set if SYNCs are to follow the message block. In that case, TxE should be dropped in response to TxBE 
(which corresponds to the start of transmission of the last character). Wnen CRC is required, TxE must be dropped before CRC transmission is complete. Otherwise, the con- 
tents of TxDB will be shifted out on TxSO. This facilitates transmission of contiguous messages. 


TRANSMIT UNDERRUN 


Txu! | 


SET TSOM 
DBEN2 | : 


NOTES: 

1. TxU goes active relative to TxC falling edge if TxBE has not been serviced after n-1/2 TxC times (where n = transmit character length). TxU is reset on the TxC falling edge 
following assertion of the TSOM command. 

2. An underrun will occur at the next character boundary if TEOM is reset and the transmitter remains enabled, unless the TSOM command is asserted or a character is loaded into 
the TxDB. 
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TIMING DIAGRAMS (Continued 


me TLL A 





RECEIVE —-START OF MESSAGE 


1st CHAR READY 2nd CHAR READY 
TO BE READ —* TO BE READ — 


RxDA2 Ne 


1st CHAR READ 


NOTES: 


1. RxA goes high relative to falling edge of RxC when RxE is high and: a. A data character following two SYNC's is in RxDB (BCP mode). b. Character following FLAG is in RxDB 
(BOP primary station mode). c. Character following FLAG is in RxDB and character matches the secondary station address or all parties address (BOP secondary station mode). 


2. RxDA goes high on RxC falling edge when a character in RxDB is ready to be read. It comes up before RxSA and goes low on the falling edge of DBEN when RxD is read. 
3. S/F goes high relative to rising edge of RxC anytime a SYNC (BCP) or FLAG (BOP) is detected. 


RECEIVE END OF MESSAGE 


nN 


READ 
STATUS 


OS re ee el 


NOTES: 

1. Atthe end of a BOP message, RxSA goes high when FLAG detection (S/F 1) forces REOm to be set. Processor should read the last data character (RDSR,) and status (RDSR,) 
which resets RxDA and RxSA respectively. For BCP end of message, RxSA may not be set and S/F = 0. The processor should read the last data character and status. 

2. RxE must be dropped for BCP with non-contiguous messages. It may be left on at the end of a BOP message (see BOP Receive Operation). 

3. RxA is reset relative to the falling edge of RxC after the closing FLAG of a BOP message (REOM = 1 and RxSA active.) or when RxE is dropped. 
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TYPICAL APPLICATIONS 


SCN2652 MPCC MICROPROCESSOR INTERFACE 


TS BUFFER 
DATA BUS Lee 
Ft -_ 
MPCC | 
Senees SYNCHRO- | 


NOUS 
A2-A0, R/W DBEN CE MODEM 


MODEM 
CONTROL 
LOGIC 


NOTES: 


Possible uP interrupt requests are: RxDA RxSA TxBE TxU 

Other SCN2652 status signals and possible uses are S F line idle indicator, frame delimiter. RxA handshake on RxE, line turn around control. TxA handshake on TxE, line turn 
around control. 

Line drivers/receivers (LD/LR) convert EIA to TTL voltages and vice-versa. 

RTS should be dropped after the CRC (BCP) or FLAG (BOP) has been transmitted. This forces CTS low and TxE low. 

Corresponding high and low order bits of DB must be OR tied. 


DMA/PROCESSOR INTERFACE 


DATA BUS 8 OR 16 BITS 


DB15—DBo00 DATA BUS 


WORD COUNT RxDA 

ADDRESS PTR ae 

R/W CONTROL TO PROCESSOR ek 
x 


WRREQ TxA 


TxBE PROCESSOR (P) 


AND 
SCN2652 SUPPORT LOGIC: Rw 
DMA 1. INITIALIZES MEMORY 


CONTROLLER SCNOSEO 
A2-A0 . SETS/RESETS 
SCN2652 BYTE TSOM, TEOM 


RESPONDS 
ADDRESS AND 
CONTROL TO RxSA 


ADDRESS ADDRESS, RW, ADDRESS, 
R/W CONTROLS RxC TxC RxS!i TxSO CONTROL : CE, R/wW 


MODEM OR DCE 


SYSTEM ADDRESS AND CONTROL BUS 


For non-DMA operation TxBE and RxDA are set to the processor which then loads or reads data characters as required. 
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TYPICAL APPLICATIONS (Continued) 
CHANNEL INTERFACE 


MPCC 


COMPUTER COMPUTER 
OR OR 
TERMINAL SCN2652 SCN2652 TERMINAL 


No Modem — DC Baseband Transmission 


SCN2652/SCN2653 INTERFACE TYPICAL PROTOCOLS: 
BISYNC, DDCMP, SDLC, HDLC 


INTERRUPTS TxBE, TxU, RxDA, RxSA 


PGC 
SCN2653 


Al 


RAW 
AO 





November 5, 1990 44 


Philips Components-Signetics 
DocumentNo. | 853-0086 
ECN No. 83082 
Date of Issue April 4, 1986 


Status 


Product Specification 





Data Communication Products 


DESCRIPTION 

The Signetics SCN2661 EPClis a 
universal synchronous/asynchronous 
data communications controller chip that 
is an enhanced version of the SCN2651. 
It interfaces easily to all 8-bit and 16-bit 
microprocessors and may be used ina 
polled or interrupt driven system 
environment. The SCN2661 accepts 
programmed instructions from the 
microprocessor while supporting many 
serial data communications disciplines 
—synchronous and asynchronous — in 
the full- or half-duplex mode. Special 
support for BISYNC is provided. 


The EPCI serializes parallel data 
characters received from the 
microprocessor for transmission. 
Simultaneously, it can receive serial 
data and convert it into parallel data 
characters for input to the 
microcomputer. 


The SCN2661 contains a baud rate 
generator which can be programmed to 
either accept an external clock or to 
generate internal transmit or receive 
clocks. Sixteen different baud rates can 
be selected under program control when 
operating in the internal clock mode. 
Each version of the EPCI (A, B, C) has a 
different set of baud rates. 


SCN2661/SCN68661 


Enhanced programmable 
communications interface (EPCI) 


FEATURES 
® Synchronous operation 
— 5- to 8-bit characters plus parity 
— Single or double SYN operation 
— Internal or external character 
synchronization 


~— Transparent or non-transparent 
mode 


— Transparent mode DLE stuffing (Tx) 
and detection (Rx) 


— Automatic SYN or DLE-SYN 
insertion SYN, DLE and DLESYN 
stripping 

— Odd, even, or no parity 

— Local or remote maintenance 
loopback mode 

— Baud rate: DC to 1Mbps (1X clock) 


® Asynchronous operation 

— 5- to 8-bit characters plus parity 

— 1, 1-1/2 or 2 stop bits transmitted 

— Odd, even, or no parity 

— Parity, overrun and framing error 
detection | 

— Line break detection and 
generation 

— False start bit detection 

— Automatic serial echo mode 
(echoplex) 


— Local or remote maintenance 
loopback mode 
— Baud rate: DC to 1Mbps 
(1X clock) 
DC to 62.5kbps (16X clock) 
DC to 15.625kbps 
(64X clock) 


45 


OTHER FEATURES 


@ Internal or external baud rate clock 
© 3 baud rate sets 
® 16 internal rates for each set 


® Double-buffered transmitter and 
receiver 


@ Dynamic character length switching 
@ Full- or half-duplex operation 
@ TTL compatible inputs and outputs 


@ RxC and TxC pins are short-circuit 
protected 


@ Single +5V power supply 


® No system clock required 


APPLICATIONS 
@ Intelligent terminals 


@ Network processors 

@ Front-end processors 

@ Remote data concentrators 
© Computer-to-computer links 
@ Serial peripherals 

@ BISYNC adaptors 
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PIN CONFIGURATIONS 


TOP VIEW 


NOTE: 
Pin Functions the same as 28-pin DIP. 





ORDERING CODE 






Voc = +5V +5% 
0°C to +70°C -40°C to +85°C -55°C to +125°C 


SCN2661AC1F28 | SCN2661AA1F28 | SCN2661AM1F28 
SCN2661BC1F28 | SCN2661BA1F28 | SCN2661BM1F28 
SCN2661CC1F28 | SCN2661CA1F28 | SCN2661CM1F28 


SCN2661AC1N28 
28-Pin SCN2661BC1N28 
0.6” Wide SCN2661CC1N28 


SCN2661AC1A28 
Plastic LCC SCN2661BC1A28 Contact Factory Not Available 
SCN2661CC1A28 
















Ceramic DIP 
28-Pin 
0.6” Wide 


Plastic DIP 




























Contact Factory Not Available 





_ April 4, 1986 46 


Philips Components—Signetics Data Communication Products Product Specification 





Enhanced programmable communications SCN2661/SCN68661 
interface (EPCI) 





BLOCK DIAGRAM 


DATA BUS DATA BUS SNE/DLE CONTROL 


Do-D7 BUFFER 
SYN 1 REGISTER 
SYN 2 REGISTER 
DLE REGISTER 


OPERATION CONTROL 


MODE REGISTER 1 
MODE REGISTER 2 
TRANSMITTER 
COMMAND REGISTER 


STATUS REGISTER ; TRANSMIT DATA 
HOLDING REGISTER 


TRANSMIT 
| SHIFT REGISTER 


BRCLK 


BAUD RATE 
GENERATOR 
TxC/SYNC AND 
CLOCK CONTROL 


RxC/BKDET 


RECEIVE DATA 
HOLDING REGISTER 
RECEIVE 
SHIFT REGISTER 


MODEM 
CONTROL 


NOTES: 
* Open-drain output pin. 
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ABSOLUTE MAXIMUM RATINGS! 


PARAMETER RATING UNIT 


Operating ambient temperature? Note 4 °C 


Storage temperature -65 to +150 
All voltages with respect to ground? -0.5 to +6.0 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operation section of this specification is not 
implied. | 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum function temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effect of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Over recommended free-air operating temperature range and supply voltage range unless otherwise specified. For conditions shown as MIN 
or MAX, use the appropriate value specified under recommended operating conditions. 















DC ELECTRICAL CHARACTERISTICS! 2; 3 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | Min | Typ | Max | UNIT 


input voltage 


Vit Low V 
Vin High 2.0 V 


Output voltage 


Vo Low lo. = 2.2mA 0.4 V 
Vou* High lon = -400pA 2.4 V 


3-State output leakage current 


IH Data bus high Vo = 4.0V 10 pA 
hoe Data bus low Vo = 0.45V 10 pA 


NOTES: 

1. Over recommended free-air operating temperature range and supply voltage range unless otherwise specified. For conditions shown as MIN 
or MAX, use the appropriate value specified under recommended operating conditions. 

2. All voltages measurements are referenced to ground. All time measurements are at the 50% level for inputs (except tgay and tga.) and at 
0.8V and 2.0V for outputs. Input levels swing between 0.4V and 2.4V, with a transition time of < 20ns maximum. 

3. Typical values are at +25°C, typical supply voltages and typical processing parameters. 

4. INTR, TxRDY, RxRDY and TxEMT/DSCHG outputs are open-drain. 


CAPACITANCE Ta = 25°C, Voc = OV 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | Min | Typ | Max | UNIT 


Capacitance 


Cin 
Court 
Cro 













































Input 
Output 
Input/Output 







fo = 1MHz 
Unmeasured pins tied to ground 
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AC ELECTRICAL CHARACTERISTICS!: 2; 3 


SYMBOL PARAMETER TEST CONDITIONS | Min | Typ | Max | UNIT 
tres Reset | 1000 ns 
tce Chip enable 250 ns 


Setup and hold time | 


Address setup 
Address hold 
RW control setup 
RW control hold 
Data setup for write 
Data hold for write 
RX data setup 

RX data hold 

































Data delay time for read 
Data bus floating time for read 
CE to CE delay 


C, = 150pF 
C, = 150pF 














Input clock frequency 


fpraa Baud rate generator (2661A, B) 1.0 4.9152 | 4.9202 MHz 
fang Baud rate generator (2661C) 1.0 5.0688 | 5.0738 MHz 
fart TxC or Rx , de 1.0 MHz 


Clock width 





















Baud rate High (2661A, B) 
Baud rate High (2661C) 
Baud rate Low (2661A, B) 
Baud rate Low (2661C) 
TxC or RxT High 

Tx or RxC Low 


TxD delay from falling edge of TxC 


Skew between TxD changing and falling edge 
of TxC output* 










Cc. = 150pF 


NOTES: : 

1. Over recommended free-air operating temperature range and supply voltage range unless otherwise specified. For conditions shown as MIN 
or MAX, use the appropriate value specified under recommended operating conditions. 

All voltages measurements are referenced to ground. All time measurements are at the 50% level for inputs (except tgay and tga.) and at 
0.8V and 2.0V for outputs. Input levels swing between 0.4V and 2.4V, with a transition time of < 20ns maximum. 

Typical values are at +25°C, typical supply voltages and typical processing parameters. 

Parameter applies when internal transmitter clock is used. 

Under test conditions of 5.0688MHz farang (68661) and 4.9152MHz fgrc (68661A, B), taay and tga, measured at V),, and V\_, respectively. 


In asynchronous local loopback mode, using 1X clock, the following parameters apply: faz = 0.83MHz max and tart, = 700ns min. 
See AC load conditions. 


nm 


oe aS. 
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BLOCK DIAGRAM 

The EPCl consists of six major sections. These 
are the transmitter, receiver, timing, operation 
control, modern control and SYN/DLE control. 
These sections communicate with each other 
via an internal data bus and an internal control 
bus. The internal data bus interfaces to the mi- 
croprocessor data bus via a data bus buffer. 


Operation Control 

This functional block stores configuration and 
operation commands from the CPU and gener- 
ates appropriate signals to various internal sec- 
tions to control the overall device operation. It 
contains read and write circuits to permit com- 
munications with the microprocessor via the 
data bus and contains mode registers 1 and 2, 
the command register, and the status register. 
Details of register addressing and protocol are 
presented in the EPCI programming section of 
this data sheet. 


Table 1. 
68661A (BRCLK = 4.9152MHz) 


BAUD RATE 


68661B (BRCLK = 4.9152MHz) 
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Timing 

The EPCI contains a Baud Rate Generator 
(BRG) which is programmable to accept exter- 
nal transmit or receive clocks or to divide an ex- 
ternal clock to perform data communications. 
The unit can generate 16 commonly used baud 
rates, any one of which can be selected for 
full-duplex operation. See Table 1. 


Receiver 

The receiver accepts serial data on the RxD 
pin, converts this serial input to parallel format, 
checks for bits or characters that are unique to 
the communication technique and sends an 
“assembled” character to the CPU. 


Transmitter 
The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 


Baud Rate Generator Characteristics 


ACTUAL FREQUENCY PERCENT 
16X CLOCK ERROR 


0.8kHz 
1.2 
1.7598 
2.152 
2.4 
3.2 
4.8 
9.6 
16.8329 
19.2 
28.7438 
31.9168 
38.4 
76.8 
153.6 
307.2 


. fons 


12 
1.7598 
2.152 
2.4 
4.8 
9.6 
19.2 
28.7438 
31.9168 
38.4 
76.8 
153.6 
307.2 
614.4 
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the appropriate characters or bits (based on the 
communication technique) and outputs a com- 
posite serial stream of data on the TxD output 


pin. 


Modem Control 

The modern control section provides interfac- 
ing for three input signals and three output sig- 
nals used for “handshaking” and status 
indication between the CPU and a modem. 


SYN/DLE Control 

This section contains control circuitry and three 
8-bit registers storing the SYN1, SYN2, and 
DLE characters provided by the CPU. These 
registers are used in the synchronous mode of 
operation to provide the characters required for 
synchronization, idle fill and data transparency. 


DIVISOR 
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0000 
0001 
0010 
0011 

0100 
0101 
0110 
0111 

1000 
1001 
1010 
1011 

1100 
1101 
1110 
1111 


50 
75 


NOTE: 


ACTUAL FREQUENCY 
16X CLOCK 
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DIVISOR 





16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X and BRG can be used only for TxC. 


OPERATION 

The functional operation of the 68661 is pro- 
grammed by a set of control words supplied by 
the CPU. These control words specify items 
such as synchronous or asynchronous mode, 
baud rate, number of bits per character, etc. 
The programming procedure is describedin the 
EPCI programming section of the data sheet. 


After programming, the EPCI is ready to per- 
form the desired communications functions. 
The receiver performs serial to parallel conver- 
sion of data received from a modem or equiva- 
lent device. The transmitter converts parallel 
data received from the CPU to a serial bit 
stream. These actions are accomplished with- 
in the framework specified by the control words. 


Receiver 

The 6866 1 is conditioned to receiver data when 
the DCD input is Low and the RxEN bit in the 
commands register is true. In the asynchro- 
nous mode, the receiver looks for High-to-Low 
(mark to space) transition of the start bit on the 
- RxD input line. If a transition is detected, the 
state of the RxD line is sampled again after a 
delay of one-half of a bit-time. If RxD is now 
high, the search for a valid start bit is begun 
again. |f RxD is still Low, a valid start bit is as- 
sumed and the receiver continues to sample 
the input line at one bit time intervals until the 
proper number of data bits, the parity bit, and 
one stop bit have been assembled. The data 
are then transferred to the receive data holding 
register, the RxRDY bit in the status register is 
set, and the RxRDY output is asserted. If the 
character length is less than 8 bits, the High or- 
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der unused bits in the holding register are set 
to zero. The parity error, framing error, and 
overrun error status bits are strobed into the 
status register on the positive going edge of 
RxC corresponding to the received character 
boundary. If the stop bitis present, the receiver 
will immediately begin its search for the next 
Start bit. If the stop bitis absent (framing error), 
the receiver will interpret a space as a start bit 
if it persists into the next bit timer interval. Ifa 
break condition is detected (RxD is Low for the 
entire character as well as the stop bit), only 
one character consisting of all zeros (with the 
FE status bit SRS set) will be transferred to the 
holding register. The RxD input must return to 
a High condition before a search for the next 
Start bit begins. 


Pin 25 can be programmed to be a break detect 
output by appropriate setting of MR27-MR24. 
If so, a detected break will cause that pin to go 
High. When RxD returns to mark for one RxC 
time, pin 25 willgo low. Refer to the Break De- 
tection Timing Diagram. 


When the EPCI is initialized into the synchro- 
nous mode, the receiver first enters the hunt 
mode on a QO to 1 transition of RxEN (CR2). In 
this mode, as data are shifted into the receiver 
shift register a bit at a time, the contents of the 
register are compared to the contents of the 
SYN1 register. If the two are not equal, the next 
bitis shifted in and the comparison is repeated. 
When the two registers match, the hunt mode 
is terminated and character assembly mode 
begins. If single SYN operation is pro- 
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grammed, the SYN DETECT status bit is set. 
If double SYN operation is programmed, the 
first character assembled after SYN1 must be 
SYN2 in order for the SYN DETECT bit to be 
set. Otherwise, the EPCI returns to the hunt 
mode. (Note that the sequence 
SYN1-SYN1-SYN2 will not achieve synchroni- 
zation.) When synchronization has been 
achieved, the EPCI continues to assemble 
characters and transfer then to the holding reg- 
ister, setting the RxRDY status bit and assert- 
ing the RxRDY output each time a character is 
transferred. The PE and OE status bits are set 
as appropriate. Further receipt of the appropri- 
ate SYN sequence sets the SYN DETECT sta- 
tus bit. If the SYN = stripping mode is 
commanded, SYN characters are not trans- 
ferred to the holding register. Note thatthe SYN 
characters used to establish initial synchroni- 
zation are nottransferred to the holding register 
in any case. 


External jam synchronization can be achieved 
via pin 9 by appropriate setting of MR27-MR24. 
When pin 9 is an XSYNC input, the internal 
SYN1, SYN1-SYN2, and DLE-SYN1 detec- 
tionis disabled. Each positive going signal on 
XSYNC will cause the receiver to establish syn- 
chronization on the rising edge of the next RxC 
pulse. Character assembly will start with the 
RxD input at this edge. XSYNC may be low- 
eredon the next rising edge of RxD. This exter- 
nal synchronization will cause the SYN 
DETECT status bit to be set until the status reg- 
ister is read. Refer to XSYNC timing diagram. 
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Table 2. CPU- Related Signals 


INPUT/ 
OUTPUT 


































27,28,1,2,5-8 
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Table 3. Device-Related Sig nals 



























BRCLK 








RxC/BKDET 





TxC/XSYNC 
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FUNCTION 


- This output is the complement of status register bit SR2. When Low, itindicates that the trans- 


Transmitter clock. If external transmitter clock is programmed, this input controls the rate at 


transmission, the character in the transmit shift register will be transmitted before termination. 
General purpose output which is the complement of command register bit CR1. Normally used 


A High on this input performs a master reset on the 68661. This signal asynchronously termi- 
nates any device activity and clears the mode, command and status registers. The device as- 
sumes the idle state and remains there until initialized with the appropriate control words. 


Address lines used to select internal EPCI registers. 
Read command when Low, write command when High. 


Chip enable command. When Low, indicates that control and data lines to the EPCI are valid 
and that the operation specified by the RW, A1 and AO inputs should be performed. When High, 
places the DO—D7 lines in the 3-State condition. 


8-bit, 3-State data bus used to transfer commands, data and status between EPCl andthe CPU. 
DO is the least significant bit, D7 the most significant bit. 


This outputis the complementof status register bit SRO. When Low, itindicates thatthe transmit 
data holding register (THR) is ready to accepta data character from the CPU. Itgoes Highwhen 
the data character is loaded. This output is valid only when the transmitter is enabled. Itis an 
open-drain output which can be used as an interrupt to the CPU. 


This output is the complement of status register bit SR1. When Low, it indicates that the receive 
data holding register (RHR) has a character ready for input to the CPU. It goes High when the 
RHRis read by the CPU, andalso when the receiveris disabled. Itis an open-drain output which 
can be used as an interrupt to the CPU. 


mitter has completed serialization of the last character loaded by the CPU, or that a change of 
state of the DSR or DCD inputs has occurred. This output goes High when the status register 
is ready by the CPU, if the TxEMT condition does notexist. Otherwise, the THR must be loaded 
by the CPU for this line to go high. Itis an open-drain output which can be used as an interrupt 
to the CPU. See Status Register (SR2) for details. 





Clock input to the internal baud rate generator (see Table a Not aired if external receiver 
and transmitter clocks are used. 


Receiver clock. If external receiver clock is programmed, this input controls the rate at which 
the character is to be received. Its frequency is 1X, 16X or 64X the baud rate, as programmed 
by mode register 1. Data are sampled on the rising edge of the clock. If internal receiver clock 
is programmed, this pin can be a 1X/16X clock or a break detect output pin. 


which the character is transmitted. Its frequency is 1X, 16X or 64X the baud rate, as pro- 
grammed by mode register 1. The transmitted data changes on the falling edge of the clock. 
If internal transmitter clock is programmed, this pin can be a 1X/16X clock output or an external 
jam synchronization input. 


Serial data input to the receiver. “Mark” is High, “space” is ‘Low. 


Serial data output from the transmitter. “Mark” is High, “Space” is Low. Held in mark condition 
when the transmitter is disabled. 


General purpose input which can be used for data set ready or ring indicator condition. Its com- 
plement appears as status register bit SR7. Causes a Low output on TxEMT/DSCHG when 
its state changes if CR2 or CRO = 1. 


Data carrier detect input. Must be Low in order for the receiver to operate. Its Ecripletiont ap- 
pears as status register bit SR6. Causes a Low output on TxEMT/ when its state 
changes if CR2 or CRO = 1. If DCD goes High while receiving, the RxC is internally inhibited. 


Clear to send input. Must be Low in order for the transmitter to operate. If it goes High during 


to indicate data terminal ready. 


General purpose output which is the complement of command register bit CR5. Normally used 
to indicate request to send. See Command Register (CRS) for details. 
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Transmitter 

The EPCl is conditioned to transmit data when 
the CTS input is Low and the TxEN command 
register bit is set. The 68661 indicates to the 
CPU thatit can accepta character for transmis- 
sion by setting the TxRDY status bitand assert- 
ing the TxRDY output. When the CPU writes 
a character into the transmit data holding regis- 
ter, these conditions are negated. Data are 
transferred from the holding register to the 
transmit shift register when itis idle or has com- 
pleted transmission of the previous character. 
The TxRDY conditions are then asserted 
again. Thus, one full character time of buffering 
is provided. 


In the asynchronous mode, the transmitter au- 
tomatically sends a start bit followed by the pro- 
grammed number of data bits, the least 
significant bit being sent first. It then appends 
an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following 
transmission of the data bits, a new character 


is not available in the transmit holding register, 


the TxD output remains in the marking (High) 
condition and the TxEMT/DSCHG output and 
its corresponding status bit are asserted. 
Transmission resumes when the CPU loads a 
new character into the holding register. The 
transmitter can be forced to output a continu- 
ous Low (BREAK) condition by setting the send 
break command bit (CR3) High. 


In the synchronous mode, when the 68661 is 
initially conditioned to transmit, the TxD output 
remains High and the TxRDY condition is as- 
serted until the first character to be transmitted 
(usually a SYN character) is loaded by the 
CPU. Subsequentto this, acontinuous stream 
of characters Is transmitted. No extra bits (oth- 
er than parity, if commanded) are generated by 
the EPCI unless the CPU fails to send a new 
character to the EPCI by the time the transmit- 
ter has completed sending the previous char- 
acter. Since synchronous communication does 
not allow gaps between characters, the EPC! 
asserts TXEMT and automatically “fills” the gap 
by transmitting SYN1s, SYN1-SYN2 doublets, 
or DLE-SYN1 doubles, depending on the state 
of MR16 and MR17. Normal transmission of 
the message resumes when anew character is 
available in the transmit data holding register. 
If the send DLE bitin the commands register is 
true, the DLE character is automatically trans- 
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mitted prior to transmission of the message 
character in the THR. 


EPCI PROGRAMMING 

Prior to initiating data communications, the 
68661 operational mode must be programmed 
by performing write operations to the mode and 
command registers. In addition, if synchronous 
operation is programmed, the appropriate 
SYN/DLE registers must be loaded. The EPCl 
can be reconfigured at any time during program 
execution. A flowchart of the initialization pro- 
cess appears in Figure 1. 


The internal registers of the EPCI are accessed 
by applying specific signals to the CE, R/W, A1 
and AO inputs. The conditions necessary to ad- 
dress each register are shown in Table 4. 


The SYN1, SYN2, and DLE registers are ac- 
cessed by performing write operations with the 
conditions A1 =0, A0=1,and R/W =1. The first 
operation loads the SYN1 register. The next 
loads the DLE register. Reading or loading the 
mode registers is done ina similarmanner. The 
first write (or read) operation addresses mode 
register 1, and a subsequent operation ad- 
dresses mode register 2. If more than the re- 
quired number of accesses are made, the 
internal sequencer recycles to point at the first 
register. The pointers are reset to SYN 1 regis- 
ter and mode register 1 by a RESET input or 
by performing a read command register opera- 
tion, but are unaffected by any other read or 
write operation. 


The 68661 register formats are summarized in 
Tables 5,6, 7and8. Mode registers 1 and 2 de- 
fine the general operational characteristics of 
the EPC], while the command register controls 
the operation within this basic framework. The 
EPCI indicates its status in the status register. 
These registers are cleared when a RESET in- 
put is applied. 


Mode Register 1 (MR1) 

Table 5 illustrates mode register 1. Bits MR11 
and MR10 select the communication format 
and baud rate multiplier. 00 specifies synchro- 
nous format. However, the multiplierin asynch- 
ronous format applies only if the external clock 
input option is selected by MR24 or MR25. 


MR13 and MR12 select a character length of 5, 
6,7or8bits. The character length does notinc- 
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clude the parity bit, if programmed, and does 
not include the start and stop bits in asynchro- 
nous mode. 


MR14 controls parity generation. If enabled, a 
parity bit is added to the transmitted character 
and the receiver performs a parity check on in- 
coming data. MR15 selects odd or even parity 
when parity is enabled by MR14. In asynchro- 
nous mode, MR17 and MR16 select character 
framing of 1, 1.5, or2 stop bits. (If 2X baud rate 
is programmed, 1.5 stop bits defaults to 1 stop 
bits on transmit.) In synchronous mode, MR17 
controls the number of SYN characters used to 
establish synchronization and for character fill 
when the transmitter is idle. SYN1 aloneis used 
if MR17 = 1, and SYN1-SYN2 is used when 
MR17 =O. If the transparent mode is specified 
by MR16, DLE-SYN1 is used for character fill 
and SYN detect, but the normal synchroniza- 
tion sequence is used to establish character 
sync. When transmitting, a DLE character in 
the transmit holding register will cause a sec- 
ond DLE character to be transmitted. This DLE 
stuffing eliminates the software DLE compare 
and stuff on each transparent mode data char- 
acter. If the send DLE command (CR3) is active 
when a DLE is loaded into THR, only one addi- 
tional DLE will be transmitted. Also, DLE strip- 
ping and DLE detect (with MR14 = O) are 
enabled. 


The bits in the mode register affecting character 
assembly and disassembly (MR12—-MR16) can 
be changed dynamically (during active receive/ 
transmit operation). The character mode regis- 
ter affects both the transmitter and receiver; 
therefore in synchronous mode, changes 
should be made only in half-duplex mode 
(RxXEN = 1 or TXEN = 1, but not both simulta- 
neously = 1). Inasynchronous mode, character 
changes should be made when RxEN and 
TXEN =0 or when TXxEN = 1 and the transmitter 
is marking in half-duplex mode (RxEN = 0). 


To effect assembly/disassembly of the next re- 
ceived/transmitted character, MR12 — 15 must 
be changed within n bit times of the active going 
state of RxRDY/TxRDY. Transparent and 
non-transparent mode changes (MR16) must 
occur within n-1 bit times of the character to be 
affected when the receiver or transmitter is ac- 
tive. (n — smaller of the new and old character 
lengths.) 
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Table 4. 68661 Register Addressing 


R/w FUNCTION | 


3-State data bus 
Read receive holding register 
Write transmit holding register 
Read status register 

Write SYN1/SYN2/DLE registers 
Read mode register 1/2 

Write mode register 1/2 

Read command register 

Write command register 



















scans 


ooooo0o°co— 
-—O- 0-0-0 


INITIAL RESET 


LOAD 
MODE REGISTER 1 


LOAD sa 
ode Register 1 must be written 
pODE BEGE TEN2 before 2 can be written. Mode Register 2 
need not be programmed if external 


: clocks are used. 
SYNCHRONOUS? 


Y 


LOAD 
SYN 1 REGISTER 


DOUBLE N i) 
ae are, 
TRANSPARENT 


LOAD : MODE? 
SYN 2 REGISTER 


NOTE: 

SYN1 Register must be written 
before SYN2 can be written, and 
SYN2 before DLE can be written. 


TRANSPARENT 
MODE? 


LOAD 
DLE REGISTER 


LOAD 
COMMAND REGISTER 


SS =— —=e cane some 


| OPERATE | 


DISABLE 
RCVR AND XMTR 





Figure 1. 68661 Initialization Flowchart 
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Table 5. Mode Register 1 (MR1) 


Sync/Async Parity Type | Parity Control Character Length Mode and Baud Rate Factor 


Async: Stop bit length 


00 = invalid 0 = Disabled 00 = 5 bits 00 = Synchronous 1X rate 
01 = 1 stop bit 1 = Enabled 01 = 6 bits 01 = Asynchronous 1X rate 
10 = 1 1/2 stop bits 10 = 7 bits 10 = Asynchronous 16X rate 


11 = 2 stop bits 11 = 8 bits 11 = Asynchronous 64X rate 


Sync: Sync: 
Number of Transparency 
SYN char control 


0 = Double SYN | 0 = Normal 
1 = Single SYN 1 = Transparent 





NOTE: Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if internal clock is selected. Mode must be 
selected (MR11, MR10) in any case. 


Table 6. Mode Register 2 (MR2) 


. ‘ ; : Baud Rate 
TxC RxC Pin 9 Pin 25 TxC RxC Pin 9 Pin 25 Mode 


RXC/TxC sync 
BKDET async 
RxC sync 

BKDET async | See baud rates 

RxC/TxC sync in Table 1. 

BKDET async 
XSYNC* RxC sync 
16X BKDET async 


——mm—-—mm 





NOTES: 

* When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 
E = External clock 

| = Internal clock (BRG) 

1X and 16X are clock outputs. 


Table 7. Command Register (CR) 


[em [em | om | om 


CR4 CR3 
Receive : Transmit 
Operating Mode ee Reset Error Sync/Async Control pa atta Control 
(RxEN) y (TxEN) 


00 = Normal operation O= Force RTS | 0 = Normal Asyne: 0 = Disable 0 = Force DTR | 0 = Disable 
01 = Async: Output High | 1 = Reseterror {| Force Break 1 = Enable output High | 1 = Enable 
Automatic one clock flags in 0 = Normal 1 = Force DTR 


Echo mode time after status reg. 1 = Forcebreak output Low 
Sync: SYN and/or DLE TxSR (FE,OE,PE/ 
stripping mode serialization DLE detect.) 
10 = Local loopback 1 = Force RTS Sync Not applicable 
11 = Remote loopback output Low Send DLE in 
0 = Normal 
1 = Send DLE 
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Table 8. Status Register (SR) 


| say | sre | srs 


Data Carrier 
Detect 


FE/SYN PE/DLE TxEMT 


Asyne: 0 = Normal Async: 0 = Normal 0 = Receive O = Transmit 
0 = Normal 1 = Overrun 0 = Normal 1 = Change in holding holding 
1 = Framing error 1 = Parity error DSR or register register 
error DCD, or empty busy 

transmit 1 = Receive 1 = Transmit 
shift holding holding 
register is register register 
empty has data empty 


Data Set 
Ready 


Sync: 

0 = Normal 

1= SYN 
detected 


Sync: 

0 = Normal 

1 = Parity error 
or DLE 


Mode Register 2 (MR2) 

Table 6 illustrates mode register 2. MR23, 
MR22, MR21 and MR20 control the frequency 
of the internal baud rate generator (BRG). Six- 
teenrates are selectable for each EPCI version 
(—1,-2,-3). Versions 1 and 2 specify a 
4.9152MHz TTL input at BRCLK (pin 20); ver- 
sion 3 specifies a 5.0688MHz input which is 
identical to the Signetics 2651. MR23 — 20 are 
don't cares if external clocks are selected 
(MR25 — MR24 = 0). The individual rates are 
given in Table 1. . 


MR24 — MR27 select the receive and transmit 
clock source (either the BRG or an external in- 
put) and the function at pins 9 and 25. Refer to 
Table 6. . 


Command Register (CR) 

Table 7 illustrates the command register. Bits 
CRO (TxEN) andCR2 (RxEN) enable ordisable 
the transmitter and receiver respectively. A O— 
to—1 transition of CR2 forces start bit search 
(async mode) or hunt mode (sync mode) on the 
second RxC rising edge. Disabling the receiver 
causes RxRDY to go High (inactive). If the 
transmitter is disabled, it will complete the 
transmission of the character in the transmit 
shift register (if any) prior to terminating opera- 
tion. The TxD output will then remain in the 
marking state (High) while TxRDY and TxEMT 
will go High (inactive). If the receiver is dis- 
abled, it will terminate operation immediately. 
Any character being assembled will be ne- 
glected. A 0-to-—1 transition of CR2 will initiate 
start bit search (async) or hunt mode (sync). 


Bits CR1 (DTR) and CR5 (RTS) control the 
DTR andRTS outputs. Data at the outputs are 
the logical complement of the register data. 


In asynchronous mode, setting CR3 will force 
and hold the TxD output Low (spacing condi- 
tion) at the end of the current transmitted char- 
acter. Normal operation resumes when CR3 is 
cleared. The TxD line will go High for at least 
one bit time before beginning transmission of 
the next character in the transmit data holding 
register. In synchronous mode, setting CR3 
causes the transmission of the DLE register 
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received 





contents prior to sending the character in the 
transmit data holding register. Since this is a 
one time command, CR3 does not have to be 
reset by software. CR3 should be set when en- 
tering and exiting transparent mode and for all 
DLE-non-DLE character sequences. 


Setting CR4 causes the error flags in the status 
register (SR3, SR4, and SR5) to be cleared; 
this is a one time command. There is no inter- 
nal latch for this bit. 


When CR& (RTS) is set, the RTS pin is forced 
Low. A 1-to—-0 transition of CR5 will cause RTS 
to go High (inactive) one TxC time after the last 
serialbithas been transmitted. Ifa 1—to—0 tran- 
sition of CR5 occurs while data is being trans- 
mitted, RTS will remain Low (active) until both 
the THR and the transmit shift register are 
empty and then go High (inactive) one TxC time 
later. 


The EPCl can operate in one of four submodes 
within each major mode (synchronous or 
asynchronous). The operational sub-mode is 
determined by CR7 and CR6. CR7—CR6 = 00 
is the normal mode, with the transmitter and re- 
ceive operating independently in accordance 
with the mode and status register instructions. 


In asynchronous mode, CR7—CR6=01 places 
the EPCl in the automatic echo mode. 
Clocked, regenerated received data are auto- 
matically directed to the TxD line while normal 
receiver operation continues. The receiver 
must be enabled (CR2 = 1), but the transmitter 
need not be enabled. CPU to receiver commu- 
nication continues normally, but the CPU to 
transmitter link is disabled. Only the first char- 
acter of a break condition is echoed. 


The TxD output will go High until the next valid 
Start is detected. The following conditions are 
true while in automatic echo mode: 

1. Data assembled by the receiver are auto- 
matically placed in the transmit holding 
register and retransmitted by the transmit- 
ter on the TxD output. 


2. The transmitter is clocked by the receive 
clock. 
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3. TxRDY output = 1. 


4. The TxEMT/DSCHG pin will reflect only 
the data set change condition. 


5. The TxEN command (CRO) is ignored. 


In synchronous mode, CR7 — CR6 = 01 places 
the EPCI in the automatic SYN/DLE stripping 
mode. The exact action taken depends on the 
setting of bits MR17 and MR16: 

1. In the non-transparent, single SYN mode 
(MR17 — MR16 = 10), characters in the 
data stream matching SYN1 are not 
transferred to the Receive Data Holding 
register (RHR). 


2. Inthe non-transparent, double SYN mode 
(MR17 —MR16 = 00), character in the 
data stream matching SYN1, or SYN2 if 
immediately preceded by SYN1, are not 
transferred the RHR. 


3. In transparent mode (MR16 = 1), charac- 
ter in the data stream matching DLE, or 
SYN1 if immediately preceded by DLE, 
are not transferred to the RHR. However, 
only the first DLE of a DLE—DLE pair is 
stripped. 


Note that automatic stripping mode does notaf- 
fect the setting of the DLE detect and SYN de- 
tect status bits (SR3 and SRS). 


Two diagnostic sub-modes can also be confi- 

gured. In local loopback mode (CR7 — CR6 = 

10), the following loops are connected 

internally: 

1. The transmitter output is connected to the’ 
receiver input. 


2. DTR is connected to DCD and RTS is 
connected to CTS. 


3. The receiver is clocked by the transmit 
clock. 


4. The DTR, RTS and TxD outputs are held 
High. 


5. The CTS, DCD, DSR and RxD inputs are 
ignored. 
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Additional requirements to operate in the local 
loopback mode are that CRO (TxEN), CR1 
(DTR) and CR5 (RTS) must be set to 1. CR2 
(RxEN) is ignored by the EPCI. 


The second diagnostic mode is the remote 
loopback mode (CR7 — CR6 = 11). In this 
mode: 

1. Data assembled by the receiver are auto- 
matically placed in the transmit holding 
register and retransmitted by the transmit- 
ter on the TxD output. 


2. The transmitter is clocked by the receiver 
clock. 


3. No data are sent to the local CPU, but he 
error status conditions (PE, FE) are set. 


4. The RxRDY, TxRDY, and TxEMT/ 
DSCHG outputs are held High. 


5. CRO (TXxEN) is ignored.. 


6. All other signals operate normally. 


Status Register 

The data contained in the status register (as 
shown in Table 8) indicates receiver and trans- 
mitter conditions and modem/data set status. 


SROis the transmitter ready (TxRDY) status bit. 
It, and its corresponding output, are valid only 
when the transmitter is enabled. If equal to 0-, 
itindicates that the transmit data holding regis- 
ter has been loaded by the CPU and the data 
has not been transferred to the transmit regis- 
ter. If set equal to 1, itindicates that the holding 
register is ready to accept data from the CPU. 
This bit is initially set when the transmitter is en- 
abled by CRO, unless a character has previous- 
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ly been loaded into the holding register. Itis not 
set when the automatic echo or remote loop- 
back modes are programmed. When this bit is 
set, the TxRDY output pin is Low. In the auto- 
matic echo and remote loopback modes, the 
output is held High. 


SR1, the receiver ready (RxRDY) status bit, in- 


dicates the condition of the receive data holding | 


register. If set, itindicates thata character has 
been loaded into the holding register from the 
receive shift register and is ready to be read by 
the CPU. If equal to zero, there is no new char- 
acter in the holding register. This bit is cleared 
when the CPU reads the receive data holding 
register or when the receiver is disabled by 
CR2. When set, the RxRDY output is Low. 


The TxEMT/DSCHG bit, SR2, when set, indi- 
cates either a change of state of the DSR or 
DCD inputs (when CR2 or CRO = 1) or that the 
transmit shift register has completed transmis- 
sion of a character and no new character has 
been loaded into the transmit data holding reg- 
ister. Note thatin synchronous mode this bit will 
be seteven though the appropriate “fill” charac- 
ter is transmitted. TxEMT will not go active until 


_ atleast one character has been transmitted. It 


is cleared by loading the transmit data holding 
register. The DSCHG conditions is enabled 
when TXEN = 1 or RxEN = 1. Itis cleared when 
the status register is read by the CPU. Ifthe sta- 
tus register is read twice and SR2—1 while SR6 
and SR7 remain unchanged, then a TxEMT 
condition exists. When SR2is set, the TxEMT/ 
DSCHG output is Low. 


SR3, when set, indicates a received parity error 
when parity is enabled by MR14. In synchro- 


} 
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nous transparent mode (MR16 = 1), with parity 
disabled, it indicates that a character matching 
DLE register was received and the present 
character is neither SYN2 or DLE. This bit is 
cleared when the next character following the 
above sequence is loaded into RHR, when the 
receiver is disabled, or by a reset error com- 
mand, CR4. 


The overrun error status bit, SR4, indicates that 
the previous character loaded into the receive 
holding register was not ready the CPU at the 
time of new received character was transferred 
into it. This bit is cleared when the receiver is 
disabled or by the reset error command, CR4. 


In asynchronous mode, bit SR5 signifies that 
the received character was not framed by a 
stop bit; i.e., only the first stop bit is checked. 
If RHR =0 when SR5 = 1, a break condition Is 
present. In synchronous non-transparent 
mode (MR16 = 0), it indicates receipt of the 
SYN1 character in single SYN mode or the 
SYN1 ~ SYN2 pair in double SYN mode. In 
synchronous transparent mode (MR16 = 1), 
this bit is set upon detection of the initial syn- 
chronizing characters (SYN or SYN1—SYN2) 
and, after synchronization has been achieved, 
when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the 
reset error command is given in asynchronous 
mode, or when the status register is read by the 
CPU in the synchronous mode. 


SR6 and SR7 reflect the conditions of the DCD 
and DSR inputs, respectively. A Low input sets 
its corresponding status bit, and a High input 
Clears it. 
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Table 9. 68661 EPCI vs 2651 PCI 


= | 
x 






2. DLE detect - SR3 SR3 = 0 for DLE-DLE, DLE - SYN1 SR3 = 1 for DLE-DLE, DLE - SYN1 


3. Reset of SR3, DLE detect Second character after DLE, or receiver dis- | Receiver disable, or CR4 
able, or CR4 = 1 


4. Send DLE —-CR3 Reset via CR3 on next TxRDY 


5. DLE stuffing in transparent mode . Automatic DLE stuffing when DLE is loaded 
. except if CR3 = 1 
6. SYN1 stripping in double sync non-trans- | All SYN1 First SYN1 of pair 
parent mode 


7. Baud rate versions a ae ee! 


8. Terminate ASYNC transmission (drop Reset CR85 in response to TxEMT changing Reset CRO when TxEMT goes from 1 to 0. 
RTS) from 1 to 0 Then reset CR5 when TxEMT goes from 
1 toO 


9. Break detect FE and null character 























12. Data bus timing Improved over 2651 


13. Data bus drivers Sink 2.2mA Sink 1.6mA 
Source 400A Source 100A 
NOTES: 


* Internal BRG used for RxC. | 
** Internal BRG used for TxC. i 


AC LOAD CONDITIONS 


OUTPUT OUTPUT 


r C_ = 150pF T C, = SOpF 


NOTES: 
Open-drain outputs. 
C,_ = Load capacitance includes JIG and probe capacitance. 
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TIMING DIAGRAMS 


TRANSMIT RECEIVE 


1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) 


7, 


Txt 
(INPUT) 


Rx (1X) 


(OUTPUT) 


READ AND WRITE 


Rw 


tts — 


D,.—D, 
(WRITE) 


DD BUS NOT BUS 
(READ) FLOATING 2. VAUD oR yao Se FLOATING 
ao ‘DF = 
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TIMING DIAGRAMS (Continued) 


TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode}) 


Txt (1X) 


SYNCHRONOUS MODE 


Pp : 
WRITE “ b/ it ; ; 
OF THR 


DATA 1 DATA 2 DATA 3 DATA 4 


—- Dp —F A1;,;21;3 54 1;5;B C A114;24;31;4;5;B C A 14;2;3 ;41,5)B C™*—D—*™ A112 
DATA 1 DATA 2 DATA3 | DATA 4 


| | 


| 


ASYNCHRONOUS MODE 


NOTES: 

A = Start bit 

B = Stop bit 1 

C = Stop bit 2 

D = TxD marking condition 

TXxEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit. 





April 4, 1986 | 60 


Philips Components—Signetics Data Communication Products Product Specification 





Enhanced programmable communications SCN2661/SCN68661 
interface (EPCI) | 


TIMING DIAGRAMS (Continued) 
EXTERNAL SYNCHRONIZATION WITH XSYNC 


Sok Toh Cot dad Gab Se 


| 
tes | 
| les = XSYNC SETUP TIME = 300ns 
ty = XSYNC HOLD TIME = ONE RxC 
| 
XSYNC | 


| | 


4 P| 


CHARACTER ASSEMBLY 
BREAK DETECTION TIMING 


Rx CHARACTER = 5 BITS, NO PARITY 


RxC + 16 OR 64 | | | | | | | | | | | | | | | | | | 


FALSE START BIT CHECK MADE (RxD LOW) 
| 


| 
| 
| | 
| 
| 
| 


| 
| 
| 
LOOK FOR START BIT = LOW (IF RxD IS HIGH, LOOK FOR HIGH TO LOW TRANSITION) —_—| 
| 
| 


MISSING STOP BIT 
DETECTED SET FE BIT* 
1st DATA BIT. MISSING STOP BIT DETECTED, SET FE BIT. 
SAMPLED 0 — RHR, ACTIVATE RxRDY. SET BKDET PIN 
RxD — INPUT RxSR UNTIL A MARK TO SPACE 
TRANSITION OCCURS. 


NOTE: 
* If the stop bit is present, the start bit search will commence immediately. 
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TIMING DIAGRAMS (Continued) 


RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 


RxEN 


SYNDET 
STATUS BIT 


SYNCHRONOUS MODE 


RxRDY 


READ READ READ RHR READ RHR READ RHR READ RHR 
STATUS STATUS (DATA 1) (DATA 2) (DATA 3) (DATA 3) 


OVERRUN 
STATUS BIT 


TE FOR sy 
READ Nal L/ 


READ RHR READ RHR 
(DATA 1) (DATA 3) 


uw 
a 
So 
= 
” 
> 
9 
z 
° 
« 
= 
Qo 
= 
> 
no 
< 


NOTES: 

A = Start bit 

B = Stop bit 1 

C = Stop bit 2 

D = TxD marking condition 
Only one stop bit is detected 
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TYPICAL APPLICATIONS 
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ASYNCHRONOUS INTERFACE TO CRT TERMINAL 


ADDRESS BUS 


CONTROL BUS 





DATA BUS 
RxD EIA TO TTL 
| CONVERT | 
TxD (OPT) 
SCN2661/68661 iscsi eres creates 4 





BAUD RATE CLOCK CRT 
OSCILLATOR TERMINAL 


ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 


ADDRESS BUS 
CONTROL BUS 


DATA BUS 


ASYNC 
MODEM INTERFACE 


SCN2661/68661 








BAUD RATE CLOCK 
OSCILLATOR 
TELEPHONE 
LINE 
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TYPICAL APPLICATIONS (Continued) 


SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 


ADDRESS BUS 
CONTROL BUS 


DATA BUS 


intl 


SCN2661/68661 


SYNCHRONOUS 
TERMINAL OR 






PERIPHERAL 
DEVICE 





SYNCHRONOUS INTERFACE TO TELEPHONE LINES 


ADDRESS BUS 
CONTROL BUS 
RxD 


DATA BUS 







es 
SCN2661/68661 DCD fo eo 





TELEPHONE 
LINE 
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DESCRIPTION 

The Signetics SCN2681 Dual Universal 
Asynchronous Receiver/Transmitter 
(DUART) is a single-chip MOS-LSI 
communications device that provides 
two independent full-duplex 
asynchronous receiver/transmitter 
channels in a single package. It 
interfaces directly with microprocessors 
and may be used in a polled or interrupt 
driven system. 












Document No. 
ECN No. 


Date of Issue 


The operating mode and data format of 
each channel can be programmed 
independently. Additionally, each 
receiver and transmitter can select its 
operating speed as one of eighteen 
fixed baud rates, a 16X clock derived 
from a programmable counter/timer, or 
an external 1X or 16X clock. The baud 
rate generator and counter/timer can 
operate directly from a crystal or from 
external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the DUART particularly attractive 
for dual-speed channel applications 
such as clustered terminal systems. 


Each receiver is quadruply buffered to 
minimize the potential of receiver 
over-run or to reduce interrupt overhead 
in interrupt driven systems. In addition, 
a flow control capability is provided to 
disable a remote DUART transmitter 
when the buffer of the receiving device 
is full. 


SCN2681 


Dual asynchronous 
receiver/transmitter (DUART) 


FEATURES 
® Dual full-duplex asynchronous 
receiverAransmitter 


® Quadruple buffered receiver data 
registers 
®@ Programmable data format 
— 5 to 8 data bits plus parity 
~— Odd, even, no parity or force parity 
~ 1, 1.5 or 2 stop bits programmable 
in 1/16-bit increments 


@ Programmable baud rate for each 
receiver and transmitter selectable 
from: 

— 18 fixed rates: 50 to 38.4k baud 


— One user-defined rate derived from 
programmable timer/counter 


— External 1X or 16X clock 


© Parity, framing, and overrun error 
detection 


® False start bit detection 
® Line break detection and generation 
® Programmable channel mode 

— Normal (full-duplex) 

— Automatic echo 

— Local loopback 

— Remote loopback 


® Multi-function programmable 16-bit 
counter/timer 
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® Multi-function 7-bit input port 
— Can serve as clock or control inputs 
— Change of state detection on four 
inputs 
® Multi-function 8-bit output port 
— Individual bit set/reset capability 
— Outputs can be programmed to be 
status/interrupt signals 
® Versatile interrupt system 
— Single interrupt output with eight 
maskable interrupting conditions 


— Output port can be configured to 
provide a total of up to six separate 
wire-ORable interrupt outputs 


® Maximum data transfer: 
1X — 1MB/sec, 16X — 125kB/sec 


@ Automatic wake-up mode for multidrop 
applications 


© Start-end break interrupt/status 


® Detects break which originates in the 
middle of a character 


@ On-chip crystal oscillator 
@ Single +5V power supply 


@ Commercial and industrial tempera- 
ture ranges available 


@ DIP and PLCC packages 
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PIN CONFIGURATIONS 














RESET 
XV/CLK 
RXDA 
TXDA 
DO 
D2 
D4 


D6 


Also provided on the SCN2681 are a multi- 
purpose 7-bit input port and a multipurpose 
8-bit output port. These can be used as 
general purpose I/O ports or can be as- 
signed specific functions (such as clock in- 
puts or status/interrupt outputs) under pro- 
gram control. 


The SCN2681 is available in three package 
versions: 40-pin and 28-pin, both 0.6” wide 
DIPs; a compact 24-pin 0.4” wide DIP; and 
a 44-pin PLCC. 


TOP VIEW 


ORDERING INFORMATION 


ORDER CODE 
DESCRIPTION Voc = +5V +5%, Ta = 0°C to +70°C Voc = +5V 410%, Ta = -40°C to +85°C 
Ceramic DIP Not available SCN2681AC1F28 | SCN2681AC1F40 Not available SCN2681AE1F40 Not available 
Plastic DIP SCN2681AC1N24 | SCN2681AC1N28 | SCN2681AC1N40 Not available SCN2681AE1N40 Not available 
Plastic LCC Not available Not available Not available SCN2681AC1A44 Not available SC2681AE1A44 


NOTES: 
1. 400mil-wide DIP 
2. 600mil-wide DIP 
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PIN DESCRIPTION 


|_ [aaa 38 Te 
CEN 

















































TYPE NAME AND FUNCTION 


Data Bus: Bidirectional 3-State data bus used to transfer commands, data and status be- 
tween the DUART and the CPU. DO is the least significant bit. 


Chip Enable: Active-Low input signal. When Low, data transfers between the CPU and the 
DUART are enabled on DO-D7 as controlied by the WRN, RDN and AO-A3 inputs. When 
High, places the DO-D7 lines in the 3-State condition. 


Write Strobe: When Low and CEN is also Low, the contents of the data bus is loaded into 
the addressed register. The transfer occurs on the rising edge of the signal. 



















WRN 









RDN Read Strobe: When Low and CEN is also Low, causes the contents of the addressed regis- 


ter to be presented on the data bus. The read cycle begins on the falling edge of RDN. 









A0-A3 
RESET 


Address Inputs: Select the DUART internal registers and ports for read/write operations. 


Reset: A High level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts 
OPO-OP7 in the High state, stops the counter/timer, and puts Channels A and B in the inac- 
tive state, with the TxDA and TxDB outputs in the mark (High) state. 















INTRN interrupt Request: Active-Low, open-drain, output which signals the CPU that one or more 


of the eight maskable interrupting conditions are true. 









X1/CLK Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be 


supplied at all times. When a crystal is used, a capacitor must be connected from this pin to 
ground (see Figure 5). 


Crystal 2: Connection for other side of the crystal. When a crystal is used, a capacitor must 
be connected from this pin to ground (see Figure 5). 


Channel A Receiver Serial Data Input: The least significant bit is received first. “Mark” is 
High, “space” is Low. 


Channel B Receive Serial Data Input: The least significant bit is received first. “Mark” is 
High, “space” is Low. 


Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. 
This output is held in the “mark” condition when the transmitter is disabled, idle or when oper- 
ating in local loopback mode. “Mark” is High, “space” is Low. 


Channel B Transmitter Serial Data Output: General purpose output or Channel A request 
to send (RTSAN, active-Low). Can be deactivated automatically on receive or transmit. 


Output 0: General purpose output or Channel B request to send (RTSBN, active-Low). Can 
be deactivated automatically on receive or transmit. 


Output 1: General purpose output or Channel A transmitter 1X or 16X clock output, or Chan- 
nel A receiver 1X clock output. 


Output 2: General purpose output or open-drain, active-Low counter/timer output, or Chan- 
nel B transmitter 1X clock output, or Channel B receiver 1X clock output. 


Output 3: General purpose output or open-drain, active-Low counter/timer output or Channel 
B transmitter 1X clock output, or Channel B receiver 1X clock output. 


Output 4: General purpose output or Channel A open-drain, active-Low, RxRDYA/FFULLA 
output. 


_ Output 5: General purpose output or Channel B open-drain, active-Low, RxRDYB/FFULLB 
output. 


Output 6: General purpose output or Channel A open-drain, active-Low, TXRDYA output. 
Output 7: General purpose output or Channel B open-drain, active-Low, TxRDYB output. 
Input 0: General purpose input or Channel A clear to send active-Low input (CTSAN). 
Input 1: General purpose input or Channel B clear to send active-Low input (CTSBN). 
Input 2: General purpose input or counter/timer external clock input. 


Input 3: General purpose input or Channel A transmitter external clock input (TxCA). When 
the external clock is used by the transmitter, the transmitted data is clocked on the falling 
edge of the clock. 
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PIN DESCRIPTION (Continued) 


SYMBOL APPLICABLE 
40/44 


' Input 4: General purpose input or Channel B receiver external clock input (RxCA). When the 
external clock is used by the receiver, the received data is sampled on the rising edge of the 
clock. . 


Input 5: General purpose input or Channel B transmitter external clock input (TxCB). When 
the external clock is used by the transmitter, the transmitted data is clocked on the falling 
edge of the clock. 


Input 6: General purpose input or Channel B receiver external clock input (RxCB). When the 
external clock is used by the receiver, the received data is sampled on the rising edge of the 
clock. 


Power Supply: +5V supply input. 
Ground 








[ [Ai vatiagos wih respectio youd” | 0860 |v 


NOTES: . 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 
implied. . . 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. re 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Parameters are valid over specified temperature range. See Ordering information table for applicable operating temperature range and Vcc © 
supply range. ag 





DC ELECTRICAL CHARACTERISTICS! 2; 3 


SYMBOL PARAMETER 


Input low voltage 
Input high voltage (except X1/CLK)® 
Input high voltage (except X1/CLK)* 











0.8 


V 


TEST CONDITIONS 

































Input high voltage (X1/CLK) lo. = 2.4mA 
Output low voltage lou = -400nA 
Output high voltage (except o.d. outputs)® eae 

Output high voltage (except o.d. outputs)* lon = ~400nA 














Input leakage current 
Data bus 3-stage leakage current 
X1/CLK low input current 


Vin = 90 to Vcc 
Vo = 0.4 to Vcc 
Vin = 0, X2 grounded 
Vin = 0, X2 floated 
Vin = Voc, X2 grounded 
Vin = Voc, X2 floated 
Vin = 0, X1/CLK floated 
Vin = Voc, X1/CLK floated 
Vo = 0.4 to Voc 


















X1/CLK high input current 






X2 low input current 

X2 high input current 

Open-collector output leakage current 

Power supply current 
0°C to +70°C version 

-40°C to +85°C version 






NOTES: 

1. Parameters are valid over specified temperature range. See Ordering information table for applicable operating temperature range and Vcc 
supply range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a trans- 

ition time of 20ns maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 

0.8V and 2.0V as appropriate. 

Typical values are at +25°C, typical supply voltages, and typical processing parameters. 

Ta < O°9 

Ta = 0°C 


ao 
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AC CHARACTERISTICS T, = -55°C to +125°C!, Veg = +5.0V + 10%2 3: 4,5 


LIMITS 


Reset Timing (Figure 1) 


Se OT 


Bus Timing (Figure 2)® 7 


AO-A3 setup time to RDN, WRN Low 
AO-A3 hold time from RDN, WRN High 

CEN setup time to RDN, WRN Low 

CEN hold time from RDN, WRN High 

WRN, RDN pulse width 

Data valid after RDN Low 

Data bus floating after RDN High 

Data setup time before WRN High 

Data hold time after WRN High 

High time between READs and/or WRITE”: 8 











































Port input setup time before RDN Low 
Port input hold time after RDN High 
Port output valid after WRN High 










Interrupt Timing (Figure 4) 


INTRN (or OP3-OP7 when used as interrupts) negated from: 
Read RHR (RxRDY/FFULL interrupt) 

Write THR (TxRDY interrupt) 

Reset command (delta break interrupt) 

Stop C/T command (counter interrupt) 

Read IPCR (input port change interrupt) 

Write IMR (clear of interrupt mask bit) 












































Clock Timing (Figure 5) 


X1/CLK High or Low time 
X1/CLK frequency 
CTCLK (IP2) High or Low time 
CTCLK (IP2) frequency 
RxC High or Low time. 
RxC frequency (16X) 

(1X) 
TxC High or Low time 
TxC frequency (16X) 
(1X) 

















Transmitter Timing (Figure 6) 


trxo? TxD output delay from TxC Low 350 ns 
trcs? Output delay from TxC Low to TxD data output 150 ns 


Receiver Timing (Figure 7) 


taxs? RxD data setup time to RxC High 240 ns 
taxH? RxD data hold time from RxC High 200 ns 


NOTES: 

1. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

2. Parameters are valid over specified temperature range. 

3. All voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a trans- 
ition time of < 20ns. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 
2.0V as appropriate. 

4. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 

Test condition for outputs: C_ = 150pF, except interrupt outputs. Test condition for interrupt outputs: C_ = SOpF, R, = 21.7kQ to Vcc. 

Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing’ input. In this 

case, all timing specifications apply referenced to the falling and rising edges of CEN, CEN and RDN (also CEN and WRN) are ANDed inter- 

nally. As a consequence, the signal asserted last initiates the cycle and the signal negated first terminates the cycle. 

7. If CEN is used as the ‘strobing’ input, the parameter defines the minimum High times between one CEN and the next. The RDN signal must 
be negated for tawp to guarantee that any status register changes are valid. 

8. Consecutive write operations to the same command register require at least three edges of the X1 clock between writes. 

9. This parameter is not applicable to the 28-pin device. 











On 
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BLOCK DIAGRAM 
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BLOCK DIAGRAM 

The SCN2681 DUART consists of the following 
eight major sections: data bus buffer, operation 
control, interrupt control, timing, communica- 
tions Channels A and B, input port and output 
port. Refer to the block diagram. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data buses. Itis 
controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and the DUART. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. It contains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. 


Interrupt Control 

A single active-Low interrupt output (INTRN) is 
provided which is activated upon the occur- 
rence of any of eight internal events. Asso- 
ciated with the interrupt system are the 
Interrupt Mask Register (IMR) and the Interrupt 
Status Register (ISR). The IMR may be pro- 
grammed to select only certain conditions to 
cause INTRN to be asserted. The ISR can be 
read by the CPU to determine all currently ac- 
tive interrupting conditions. 


Outputs OP3-OP 7 can be programmed to pro- 
vide discrete interrupt outputs for the transmit- 
ter, receivers, and counter/timer. 


Timing Circuits 

The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
counter/timer, and four clock selectors. The 
crystal oscillator operates directly from a 
3.6864MHz crystal connected across the 
X1/CLK and X2 inputs. If an external clock of 
the appropriate frequency is available, it may 
be connected to X1/CLK. The clock serves as 
the basic timing reference for the Baud Rate 
Generator (BRG), the counter/timer, and other 
internal circuits. A clock signal within the limits 
specified in the specifications section of this 
data sheet must always be supplied to the 
DUART. 


If an external is used instead of a crystal, both 
X1 and X2 should be driven using a configura- 
tion similar to the one in Figure 5. 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4k 
baud. The clock outputs from the BRG are at 
16X the actual baud rate. The counter/timer 
can be used as a timer to produce a 16X clock 
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for any other baud rate by counting down the 
crystal clock or an external clock. The four 
clock selectors allow the independent selec- 
tion, for each receiver and transmitter, of any of 
these baud rates or external timing signal. 


The Counter/Timer (C/T) can be programmed 
to use one of several timing sources as its input. 
The output of the C/T is available to the the 
clock selectors and can also be programmed to 
be output at OP3. In the counter mode, the con- 
tents of the C/T can be read by the CPU and 
itcan be stopped and started under program 
control. !n the timer mode, the C/T acts as a 
programmable divider. 


Communications 
Channels A and B 


Each communications channel of the 
SCN2681 comprises a full-duplex asynchro- 
nous receiver/transmitter (UART). The operat- 
ing frequency for each receiver and transmitter 


can be selected independently from the baud 


rate generator, the counter timer, or from an ex- 
ternal input. 


The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 
the appropriate start, stop, and optional parity 
bits and outputs a composite serial stream of 
data on the TxD output pin. The receiver ac- 
cepts serial data on the RxD pin, converts this 
serial input to parallel format, checks for start 
bit, stop bit, parity bit (if any), or break condition 
and sends an assembled character to the CPU. 


The input port pulse detection circuitry uses a 
38.4kHz sampling clock derived from one of the 
baud rate generator taps. This results ina sam- 
pling period of slightly more than 25s (this as- 
sumes that the clock input is 3.6864MHz). The 
detection circuitry, in order to guarantee that a 
true change in level has occurred, requires two 
successive samples at the new logic level be 
observed. As a consequence, the minimum 
duration of the signal change is 25yus if the 
transition occurs “coincident with the first sam- 
ple pulse”. The 50us time refers to the situation 
in which the change-of-state is ‘just missed” 
and the first change-of-state is not detected un- 
til 25ys later. 


Input Port 

The inputs to this unlatched 7-bit port can be 
read by the CPU by performing a read opera- 
tion at address D16. A High input results ina 
logic 1 while a Low input results in a logic 0. D7 
will always read as a logic 1. The pins of this 
port can also serve as auxiliary inputs to cer- 
tain portions fo the DUART logic. 


Four change-of-state detectors are provided 
which are associated with inputs IP3, IP2, IP1 
and IPO. A High-to-Low or Low-to-High trans- 
ition of these inputs lasting longer than 25 — 
50us, will set the corresponding bit in the input 
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port change register. The bits are cleared 
when the register is read by the CPU. Any 
change-of-state can also be programmed to 
generate an interrupt to the CPU. 


Output Port 

The 8-bit multipurpose port can be used as a 
general purpose output port, in which case the 
outputs are the complements of the Output Port 
Register (OPR). OPR(n) = 1 results in 
OP(n) = Low and vice versa. Bits of the OPR 
can be individually set and reset. A bitis set by 
performing a write operation at address E16 
with the accompanying data specifying the bits 
to be set (1 = set, 0 = no change). 


Likewise, a bitis reset by a write at address F16 
with the accompanying data specifying the bits 
to be reset (1 = reset, O = no change). 


Outputs can be also individually assigned spe- 
cific functions by appropriate programming of 
the Channel A mode registers (MR1A, MR2A), 
the Channel B mode registers (MR1B, MR2B), 
and the Output Port Configuration Register 
(OPCR). 


OPERATION 


Transmitter 

The SCN2681 is conditioned to transmit data 
when the transmitter is enabled through the 
command register. The SCN2681 indicates to 
the CPU thatitis ready to accept a character by 
setting the TxRDY bit in the status register. 
This condition can be programmed to generate 
an interrupt request at OP6 or OP7 and INTRN. 
When a character is loaded into the Transmit 
Holding Register (THR), the above conditions 
are negated. Datais transferred from the hold- 
ing register to transmit shift register when It is 
idle or has completed transmission of the pre- 
vious character. The TxRDY conditions are 
then asserted again which means one full char- 
acter time of buffering is provided. Characters 
cannot be loaded into the THR while the trans- 
mitter is disabled. 


The transmitter converts the parallel data from 
the CPU toa serial bit stream on the TxD output 
pin. It automatically sends a start bit followed 
by the programmed number of data bits, an op- 
tional parity bit, and the programmed number of 
stop bits. The least significant bit is sent first. 
Following the transmission of the stop bits, if a 
new character is not available in the THR, the 
TxD output remains High and the TxEMT bitin 
the Status Register (SR) will be setto 1. Trans- 
mission resumes and the TxEMT bit is cleared 
when the CPU loads a new character into the 
THR. 


If the transmitter is disabled, it continues oper- 
ating until the character currently being trans- 
mitted is completely sent out. The transmitter 
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can be forced to send a continuous Low condi- 
tion by issuing a send break command. 


The transmitter can be reset through a software 
command. If it is reset, operation ceases im- 
mediately and the transmitter must be enabled 
through the command register before resuming 
operation. If CTS operation is enable, ‘the 
CTSN input must be Low in order for the 
character to be transmitted. If it goes High in 
the middle of a transmission, the character in 
the shift register is ttansmitted and TxDA then 
remains in the marking state until CTSN goes 
Low. The transmitter can also control the deac- 
tivation of the RTSN output. If programmed, 
the RTSN output will be reset one bit time after 
the character in the transmit shift register and 
transmit holding register (if any) are completely 
transmitted, if the transmitter has been dis- 
abled. 


Receiver 

The SCN2681 is conditioned to receive data 
when enabled through the command register. 
The receiver looks for a High-to-Low 
(mark-to-space) transition of the start bit on the 
RxD input pin. If a transition is detected, the 
state of the RxD pin is sampled each 16X clock 
for 7 1/2 clocks (16X clock mode) or at the next 
rising edge of the bit time clock (1X clock 
mode). If RxD is sampled High, the start bit is 
invalid and the search for a valid start bit begins 
again. If RxD ts still Low, a valid start bit is as- 
sumed and the receiver continues to sample 
the input at one bit time intervals at the theoreti- 
cal center of the bit, until the proper number of 
data bits and parity bit (if any) have been as- 
sembled, and one stop bit has been detected. 
The least significant bit is received first. The 
data is then transferred to the Receive Holding 
Register (RHR) and the RxRDY bitin the SR is 
settoa1. This condition can be programmed 
to generate an interrupt at OP4 or OP5 and 


INTRN. Ifthe character length is less than eight 
bits, the most significant unused bits in the RHR 
are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. Howev- 
er, ifanon-zero character was received without 
a stop bit (framing error) and RxD remains Low 
for one half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new start bit transition had been detected at 
that point (one-half bit time after the stop bitwas 
sampled). 


The parity error, framing error, overrun error 
and received break state (if any) are strobed 
into the SR at the received character boundary, 
before the RxRDY status bit is set. If a break 
condition is detected (RxD is Low for the entire 
character including the stop bit), a character 
consisting of all zeros will be loaded into the 
RHR and the received break bitin the SR is set 
to 1. The RxD input must return to a High 
condition for at least one-half bit time before a 
search for the next start bit begins. 


The RHR consists of a First-In-First-Out (FIFO) 
stack with a capacity of three characters. Data 
is loaded from the receive shift register into the 


‘topmost empty position of the FIFO. The 


RxRDY bitin the status registeris set whenever 
one or more characters are available to be 
read, and a FFULL status bit is set if all three 
stack positions are filled with data. Either of 
these bits can be selected to cause an interrupt. 
A read of the RHR outputs the data at the top 
of the FIFO. After the read cycle, the data FIFO 
and its associated status bits (see below) are 
‘popped’ thus emptying a FIFO position for new 
data. 


in addition to the data word, three status bits 


(parity error, framing error, and received break) ° 


are also appended to each data character in the 


Table 1. SCN2681 Register Addressing — 


a5 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


—= ss Se  OOdon ] == 0000 
==43=O0-2200-300-=00 
=—O--0 0-0 Oa = O =| O- ~D 
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Mode Register A (MR1A, MR2A) 
Status Register A (SRA) 
“Reserved" 

Rx Holding Register A (RHRA) 
Input Port Change Register (IPCR) 
Interrupt Status Register (ISR) 
Counter/Timer Upper (CTU) 
Counter/Timer Lower (CTL) 
Mode Register B (MR1B, MR2B) 
Status Register B (SRB) 
“Reserved* 

Rx Holding Register B (RHRB) 
“Reserved = 

Input Port 

Start Counter Command 

Stop Counter Command 
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FIFO (overrun is not). Status can be provided 
in two ways, as programmed by the error mode 
control bit in the mode register. In the ‘charac- 
ter’ mode, status is provided on a charac- 
ter-by-character basis; the status applies only 
to the character at the top of the FIFO. In the 
‘block’ mode, the status provided in the SR for 
these three bits is the logical-OR of the status 
for all characters coming to the top of the FIFO 
since the last ‘reset error’ command was is- 
sued. In either mode reading the SR does not 
affect the FIFO. The FIFO is ‘popped’ only 
when the RHR is read. Therefore the status re- 
gister should be read prior to reading the FIFO. 


If the FIFO is full when a new character is re- 
ceived, that character is held in the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exits, the contents of the FIFO are not affected: 
the character previously in the shift register is 
lost and the overrun error status bit (SR[4] will 
be set-upon receipt of the start bit of the new 
(overrunning) character). 


The receiver can control the deactivation of 
RTS. lf programmed to operate in this mode, 
the RTSN output will be negated when a valid 
Start bit was received and the FIFO is full. 
When a FIFO position becomes available, the 
RTSN output will be re-asserted automatically. 
This feature can be used to preventan overrun, 
inthe receiver, by connecting the RTSN output 
to the CTSN input of the transmitting device. 


If the receiver is disabled, the FIFO characters 
canbe read. However, noadditional characters 
can be received until the receiver is enabled 
again. If the receiver is reset, the FIFO and all 
of the receiver status, and the corresponding 
output ports and interrupt are reset. No addi- 
tional characters can be received until the re- 
ceiver is enabled again. 


| AO READ(RDN=0) | WRITE (WRN = 0) 


Mode Register A (MR1A, MR2A) 
Clock Select Register A (CSRA) 
Command Register A (CRA) 

Tx Holding Register A (THRA) 
Aux. Control Register (ACR) 
Interrupt Mask Register (IMR) 
C/T Upper Register (CRUR) 

C/T Lower Register (CTLR) 
Mode Register B (MR1B, MR2B) 
Clock Select Register B (CSRB) 
Command Register B (CRB) 

Tx Holding Register B (THRB) 
*Reserved* 

Output Port Conf. Register (OPCR) 
Set Output Port Bits Command 
Reset Output Port Bits Command 
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Multidrop Mode 

The DUART is equipped with a wake up mode 
for multidrop applications. This mode is se- 
lected by programming bits MRI1A[4:3] or 
MR1B[4:3] to'11' for Channels A and B, respec- 
tively. In this mode of operation, a ‘master’ sta- 
tion transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, with receivers that are 
normally disabled, examine the received data 
stream and ‘wakeup’ the CPU (by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, and Ad- 
dress/Data (A/D) bit, and the programmed 
number of stop bits. The polarity of the 
transmitted A/D bit is selected by the CPU by 
programming bit MR1A[2]/MR1B[2]. 
MR1A(2)/MR1B[2] = 0 transmits a zero in the 
A/D bit position, which identifies the corre- 
sponding data bits as data _ while 
MR1A(2]/MR1B[2] = 1 transmits a one in the A/ 
D bit position, which identifies the correspond- 
ing data bits as an address. The CPU should 
program the mode register prior to loading the 
corresponding data bits into the THR. 


In this mode, the receiver continuously looks at 
the received data stream, whether itis enabled 
or disabled. If disabled, it sets the RxRDY sta- 
tus bit and loads the character into the RHR 
FIFO if the received A/D bit is a one (address 
tag), but discards the received character if the 
received A/D bit is a zero (data tag). If enabled, 
all received characters are transferred to the 
CPU via the RHR. In either case, the data bits 
are loaded into the data FIFO while the A/D bit 
is loaded into the status FIFO position normally 
used for parity error (SRA[5] or SRB[5]). Fram- 
ing error, overrun error, and break detect oper- 
ate normally whether or not the receive is 
enabled. 


PROGRAMMING 
The operation of the DUART is programmed by 
writing control words into the appropriate regis- 
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ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
The addressing of the registers is described in 


_ Table 1. 


The contents of certain control registers are ini- 
tialized to zero on RESET. Care should be ex- 
ercised if the contents of a register are changed 
during operation, since certain changes may 
cause operational problems. 


For example, changing the number of bits per 
character while the transmitter is active may 
cause the transmission of an incorrect charac- 
ter. In general, the contents of the MR, the 
CSR, and the OPCR should only be changed 
while the receiver(s) and transmitter(s) are not 
enabled, and certain changes to the ACR 
should only be made while the C/T is stopped. 


Mode registers 1 and 2 of each channel are ac- 
cessed via independent auxiliary pointers. The 
pointer is set to MR1x by RESET or by issuing 
a ‘reset pointer’ command via the correspond- 
ing command register. Any read or write of the 
mode register while the pointer is at MR1x, 
switches the pointer to MR2x. The pointer then 
remains at MR2x, so that subsequent accesses 
are always to MRex unless the pointer is reset 
to MR1x as described above. 


Mode, command, clock select, and status re- 
gisters are duplicated for each channel to pro- 


vide total independent operation and control. . 


Refer to Table 2 for register bit descriptions. 
The reserved registers at addresses H‘02’ and 
H'OA’ should never be read during normal op- 
eration since they are reserved for internal 
diagnostics. 


MR1A — Channel A Mode 


Register 1 

MR1A is accessed when the Channel A MR 
pointer points to MR1. The pointeris setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRA. After reading or writing 
MR1A, the pointer will point to MR2A. 


MR1A[7] — Channel A Receiver 
Request-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the receiver. This output is nor- 
mally asserted by setting OPR[0} and negated 
by resetting OPR[0O}]. MRI1A[7] = 1 causes 
RTSAN to be negated upon receipt of a valid 
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start bit if the Channel A FIFO is full. However, 
OPRJ[0}is notresetand RTSAN will be asserted 
again when an empty FIFO position is avail- 
able. This feature can be used for flow control 
to prevent overrun in the receiver by using the 
RTSAN output signal to control the CTSN input 
of the transmitting device. 


MR1A[6] — Channel A Receiver 

interrupt Select 

This bit selects either the Channel A receiver 
ready status (RxRDY) or the Channel A FIFO 
full status (FFULL) to be used for CPU inter- 
rupts. Italso causes the selected bit to be out- 
put on OP4 if it is programmed as an interrupt 
output via the OPCR. 


MR1A[5] — Channel A 

Error Mode Select 

This bit select the operating mode of the three 
FlFOed status bits (FE, PE, received break) for 
Channel A. In the ‘character’ mode, status is 
provided on a character-by-character basis; 
the status applies only to the character at the 
top of the FIFO. In the ‘block” mode, the status 
provided in the SR for these bits is the accumu- 
lation (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the last 
‘reset error’ command for Channel A was Is- 
sued. 


MR1A[4:3| — Channel A Parity Mode Select 
\f ‘with parity’ or ‘force parity’ is selected a parity 
bitis added to the transmitted character and the 
receiver performs a parity check on incoming 
data MR1A[4:3] + 11 selects Channel A to oper- 
ate in the special multidrop mode described in 
the Operation section. 


MR1A[2] — Channel A Parity Type Select 
This bit selects the parity type (odd or even) if 
the ‘with parity’ mode is programmed by 
MR1A/[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. It 
has no effect if the ‘no parity’ mode js pro- 
grammed. In the special multidrop mode it se- 
lects the polarity of the A/D bit. 


MR1A[1:0}] — Channel A Bits Per Character 
Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, par- 
ity, and stop bits. 
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Table 2. Register Bit Formats 


‘BIT7 BIT 6 BIT 5 BIT 4 BITS BIT 2 BIT 1 BIT 0 


RxRTS RxINT ERROR PARITY BITS PER 
CONTROL SELECT MODE PARITY MODE TYPE CHARACTER 


0 = RxRDY _. O=Char 00 = With Parity 
1 = FFULL 1 = Block 01 = Force Parity 
. 10 = No Parity 
11 = Multidrop Mode 


| BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


TxRTS CTS ‘ 
CHANNEL MODE CONTROL ENABLE Tx STOP BIT LENGTH 


00 = Normal - 4=0.813 
01 = Auto-Echo 5= 0,875 
10 = Local loop 6 = 0.938 
11 = Remote loop 7 = 1.000 





NOTE: 
“Add 0.5 to values shown for 0 — 7 if channel is programmed for 5 bits/char. 






















BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 


RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT 


MISCELLANEOUS COMMANDS DISABLE Tx ENABLE Tx DISABLE Rx ENABLE Rx 


Not used — See Text 0=No 0 =No 0=No 0=No 
must be 0 . 1 = Yes 1 = Yes 1 = Yes 1 = Yes 


RECEIVED FRAMING PARITY OVERRUN 
BREAK* ERROR* ERROR* ERROR TXEMT TxRDY FFULL RxRDY 


SRA 0 =No 0=No 0 =No 0 =No 0=No 0=No 0=No 0=No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 










BIT 5 



























NOTE: 

* These status bits are appended to the corresponding data character in the receive FIFO. A read of the status provides these bits (7:5) from 
the top of the FIFO together with bits (4:0). These bits are cleared by a “reset error status” command. In character mode they are discarded 
when the corresponding data character is read from the FIFO. 












BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
eae cee le OS a sc ear oe ge eee] 


OPCR 0 = OPR{7] 0 = OPR{6] 0 = OPR{5} 0 = OPRI4)} 00 = OPR[3} 11 = OPR[2] 
1= TxRDYB | 1=TxRDYA | 1=RxRDY/ | 1 =RxRDY/ 01 =C/T OUTPUT 01 = TxCA(16x) 
FFULLB FFULLA 10 = TxCB(1x) 10 = TxCA(1x) 
11 = RxCB(1x) 11 = RxCA(1x) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 2 BIT 0 

BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA 

SELECT MODE AND SOURCE IP 3 INT IP 2 INT IP 4 INT IP OINT 
ACR 0 = set 1 See Table 4 0 = Off 0 = Off 0 = Off 0 = Off 
1=set2 Sete 1=On 1=On 1=On 1=On 
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Table 2. Register Bit Formats (Continued) 


DELTA DELTA DELTA DELTA 
IP 3 IP 2 IP 1 IPO 


IPCR 0 = No 0 =No 0 = No 0 = No 0 = Low 0 = Low 0 = Low 0 = Low 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = High 1 = High 1 = High 1 = High 
BIT 7 BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


INPUT 
DELTA RxRDY/ COUNTER | DELTA RxRDY/ 
BREAKB | FFULLB | '*RDYB READY | BREAKA | FFULLA | [XRDYA 


PORT 
CHANGE 

0=No 0=No 0=No 0=No 0=No 0 = No 0 =No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 








































IN. PORT RxRDY/ COUNTER RxRDY/ 
CHANGE FFULLB ee READY FFULLA ee 
INT INT INT INT 
0 = Off 0 - Off 0 - Off 0 - Of 0 = Off 0 - Off 
1=On 1=On 1=On 1=On 1=On 1=On 1=On 1=On 










BIT 2 BIT 0 


C/T[15] C/T[14] C/T[13}] C/T[12] C/T[11] C/T[10} C/T[9} C/T[8] 


oy Cirle] C/T] C/T[4] C/T [3] C/T [2] C/T[1] C/T[0] 
UE Nt Sede cee See 2 ee et ew gee ae ee eee ee et i el 














MR2A ~ Channel A Mode 4. The Channel A TxRDY and TxEMT status 5. The transmitter must be enabled, but the 
Register 2 bits are inactive. receiver need not be enabled. 
MR2A is accessed when the Channel AMR 5. The received parity is checked, but is not 6. CPU to transmitter and receiver communi- 
pointer points to MR2, which occurs after any regenerated for transmission, i.e. trans- cations continue normally. 
access to MR1A. Accesses to MR2A do not mitted parity bit is as received. an 
change the pointer. 6. Character framing is checked, but the ie eecane agnosie med let . blots 
San bit ‘ itted ved loopback mode, selected by MR2A[7:6] = 11. 
MR2A[7:6] —- Channel A Mode oP : Sane ssl cree orn In this mode: 
Select 7. Areceived break is echoed as received 1. Received data is reclocked and retrans- 
Each channel of the DUART can operate in one until the next valid start bit is detected. mitted on the TxDA output. 
of four modes. MR2A[7:6] = 00 is the normal 8. CPU to receiver communication continues 2. The receive clock is used for the 
mode, with the transmitter and receiver operat- normally, but the CPU to transmitter link is transmitter. 
ing independently. MR2A[7:6] = 01 places the disabled. ieeel 
channelin the automatic echo mode, which au- oo Recelved dala is nolsent te ae be 
tomatically retransmits the received data. The Two diagnostic modes can also be configured. CPU, and the error status conditions are 
following conditions are true while in automatic | MR2A[7:6] = 10 selects local loopback mode. inactive. 
echo mode: In this mode: 4. The received parity is not checked and is 
1. Received data is reclocked and retrans- 1. The transmitter output is internally con- not regenerated for transmission, i.e., 
mitted on the TxDA output. nected to the receiver input. transmitted parity is as received. 
2. The receive clock is used for the 2. The transmit clock is used for the 5. The receiver must be enabled. 
transmitter. feceNel: 6. Character framing is not checked and the 
3. The receiver must be enabled, but the 3. The TxDA output is held High. stop bits are retransmitted as received. 
Tatisiniter need netbsenance: 4. The RxDA input is ignored. 7. Areceived break is echoed as received 


until the next valid start bit is detected. 
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‘The user must exercise care when switching 
into and out of the various modes. The se- 
lected mode will be activatedimmediately upon 
mode selection, even if this occurs in the middle 
of a received or transmitted character. Like- 
wise, if a mode is deselected the device will 
switch out of the mode immediately. An excep- 
tion to this is switching out of autoecho or re- 
mote loopback modes: if the deselection 
occurs just after the receiver has sampled the 
stop bit (indicated in autoecho by assertion of 
RxRDY), and the transmitter is enabled, the 
transmitter will remain in autoecho mode until 
the entire stop has been retransmitted. | 


MR2A(5] — Channel A Transmitter Re- 
quest-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the transmitter. This output is 
normally asserted by setting OPR[0] and ne- 
gated by resetting OPR[O]. MR2A[5} = 1 
_ caused OPR(O] to be reset automatically one 
bit time after the characters in the Channel A 
transmit shift register andin the THR, if any, are 
completely transmitted including the pro- 
grammed number of stop bits, if the transmitter 
is not enabled. This feature can be used to au- 
tomatically terminate the transmission of a 
message as follows: 

1. Program auto-reset mode: MR2A[5] = 1. 


2. Enabie transmitter. 

3. Asset RTSAN: OPR{O] = 1. 
4. Send message. 
5 


. Verify the message is sent by waiting until 
the transmit ready status (TxRDY) is as- — 
serted. Disable transmitter after the last 
character is loaded into the Channel A 
THR. 


6. The last character will be transmitted and 
OPR[O} will be reset one bit time after 
the last stop bit, causing RTSAN to be 
negated. 


MR2A[4] ~ Channel A Clear-to-Send Con- 
trol ; 

~ Ifthis bitis 0, CTSAN has no effect on the trans- 
mitter. If this bit is a 1, the transmitter checks 
the state of CTSAN (IPO) each time it is ready 
to send a character. If IPO is asserted (Low), 


the character is transmitted. If it is negated . 


(High), the TxDA output remains in the marking 
State and the transmission is delayed until 
CTSAN goes Low. Changes in CTSAN while 
a character is being transmitted do not affect 
the transmission of that character.. 


MR2A[3:0] —- Channel A Stop Bit Length 
Select oy 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of .563 TO 1 AND .563 to 2 bits. In in- 
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crements of 0.625 bit, can be programmed for 
character lengths of 6, 7, and8 bits. For achar- 
acter lengths of 5 bits, 1.0625 to 2 stop bits can 
be programmed in increments of .0625 bit. 


The receiver only checks for a ‘mark’ condition 
at the center of the first stop bit position (one bit 
time after the last data bit, or after the parity bit 
is enabled) in all cases. ; 


If an external 1X clock is used for the transmit- 
ter, MR2A[3] = 0 selects one stop bit and 
MR2A(3] = 1 selects two stop bits to be trans- 
mitted. 


MR1B — Channel B Mode 

Register 1 

MR1B is accessed when the Channel B MR 
pointer points to MR1. The pointeris setto MR1 
by RESET or by a ‘set pointer’ command 


applied via CRB. After reading or writing 
MR1B, the pointer will point to MR2B. 


MR2B — Channel B Mode 
Register 2 


MR2B is accessed when the Channel B MR - 


pointer points to MR2, which occurs after any 


access to MR1B. Accesses to MR2B do not © 
_change the pointer. : z 


The bit definitions for mode registers 1 and 2 
are identical to the bit definitions for MRA and 
MR2A except that all control actions apply to 
the Channel B receiver and transmitter and the 


_ corresponding inputs and outputs. 


CSRA — Channel A Clock Select 
Register 


CSRA[7:4] —- Channel A Receiver Clock 
Select 


This field selects the baud rate clock for the © 


Channel A receiver as follows: 


‘Baud Rate 
CSRA[7:4]. ACR[7]=0 ACR[7] =1 
0000 ~ 50 75 
0001 110 110 
0010 134.5 134.5 
0011 200 150 
‘0100 300 300 
0101 600 600 
0110 1,200 1,200 
0111 1,050 2,000 
1000 2,400 2,400 
1001 4,800 4,800 
Baud Rate 
CSRA[7:4] ACR{[7}=0 ACR[7]=1 
1010 7,200 1,800 
1011 9,600 9,600 
1100 38.4k 19.2k 
1101 Timer Timer 
1110 IP4—16X IP4—16X 
1111 IP4—1X {[P4—-1X 
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The receiver clock is always a 16X clock except 
for CSRA[7] = 1111. 


CSRAJ[3:0] ~ Channel A Transmitter Clock 
Select 

This field selects the baud rate clock for the 
Channel A transmitter. The field definitionis as 
per CSR[7:4] except as follows: 


Baud Rate 

CSRA[3:0] ACR[7]=0 ACR{7]=1 

1110 IP3—16X IP3-16X 
0111 IP3-1X IP3-1X 


The transmitter clock is always a 16X clock ex- 
cept for CSR[3:0} = 1111. 


CSRB — Channel B Clock Select 
Register 


CSRB[7:4] — Channel B Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel B receiver. The field definition is as 
per CSRA[7:4] except as follows: 


Baud Rate 

CSRB[7:4] ACR[7}=0 ACR[7]=1 

1110 IP6-16X —— IP6-16X 
0111 IP6-1X IP6-1X 


The receiver clock is always a 16X clock except 
for CSRB[7:4] = 1111. 


CSRB[3:0] - Channel B Transmitter Clock 
Select 

This field selects the baud rate clock for the 
Channel B transmitter. The field definition is as 
per CSRA|7:4] except as follows: 


Baud Rate 

CSRB[3:4] ACR[7]=0 ACR[7] =1 

1110 IP5—-16X |IP5—16X 
0111 IP5~1X, ‘|P5—1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[3:0] = 1111. 


CRA — Channel A Command 
Register 


CRA is a register used to supply commands to 
Channel A. Multiple commands can be speci- 


‘fied in a single write to CRA as long as the com- 


mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


CRA([6:4] — Channel A Miscellaneous 
Command . 


The encoded value of this field may be used to 


specify a single command as follows: 


CRA[6:4] COMMAND 

000 Nocommand. 

001 ~ Reset MR pointer. Causes the Channel 
~ AMR pointer to point to MR1. 
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010 Reset receiver. Resets the Channel A 
receiver as if a hardware reset had been 
applied. The receiver is disabled and 
the FIFO is flushed. 

011 Reset transmitter. Resets the Channel 
A transmitter as if a hardware reset had 
been applied. 

100 Reseterror status. Clears the Channel 
A Received Break, Parity Error, and 
Overrun Error bits in the status register 
(SRA[7:4]). Used in character mode to 
clear OE status (although RB, PE and 
FE bits will also be cleared) and in block 
mode to clear all error status after a 
block of data has been received. 

101. Reset Channel A break change inter- 
rupt. Causes the Channel A break de- 
tect change bit in the interrupt status 
register (ISR[2]) to be cleared to zero. 

110 Start break. Forces the TxDA output 
Low (spacing). If the transmitter is 
empty the start of the break condition will 
be delayed up to two bit times. If the 
transmitter is active the break begins 
when transmission of the character is 
completed. Ifa character is in the THR, 
the start of the break will be delayed until 
that character, or any other loaded 
subsequently are transmitted. The 
transmitter must be enabled for this 
command to be accepted. 

111. Stop break. The TxDA line will go High 
(marking) within two bit times. TxDA will 
remain High for one bit time before the 
next character, if any, is transmitted. 


CRA[3] — Disable Channel A 

Transmitter 

This command terminates transmitter opera- 
tion and reset the TxDRY and TxEMT status 
bits. However, if a character is being trans- 
mitted or if a character is in the THR when the 
transmitter is disabled, the transmission of the 
character(s) is completed before assuming the 
inactive state. 


CRA[2] — Enable Channel A 

Transmitter 

Enables operation of the Channel A transmitter. 
The TxRDY status bit will be asserted. 


CRA[1] — Disable Channel A Receiver 

This command terminates operation of the re- 
ceiver immediately — a character being re- 
ceived will be lost. The command has no effect 
on the receiver status bits or any other control 
registers. If the special multidrop mode is pro- 
grammed, the receiver operates even if itis dis- 
abled. See Operation section. 


CRA[0] — Enable Channel A Receiver 
Enables operation of the Channel A receiver. 
If not in the special wakeup mode, this also 
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forces the receiver into the search for start-bit 
State. 


CRB — Channel B Command 
Register 


CRB is a register used to supply commands to 
Channel B. Multiple commands can be speci- 
fied in a single write to CRB as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannotbe specified in a single command word. 


The bit definitions for this register are identical 
to the bit definitions for CRA, except that all con- 
trol actions apply to the Channel B receiver and 
transmitter and the corresponding inputs and 
outputs. 


SRA — Channel A Status 
Register 


SRA[7] —- Channel A Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received: further 
entries to the FIFO are inhibited until the RxDA 
line to the marking state for at least one-half a 
bit time (two successive edges of the internal or 
external 1X clock). 


When this bit is set, the Channel A ‘change in 
break’ bit in the ISR (ISR[2]) is set. ISR[2] is 
also set when the end of the break condition, as 
defined above, is detected. 


The break detect circuitry can detect breaks 
that originate in the middle of a received char- 
acter. However, if a break begins in the middle 
of a character, it must persist until at least the 
end of the next character time in order for it to 
be detected. 


SRA[6] — Channel A Framing Error 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first bit po- 
sition. 


SRA[5] — Channel A Parity Error 

This bit is set when the ‘with parity’ or ‘force par- 
ity’ mode is programmed and the correspond- 
ing character in the FIFO was received with 
incorrect parity. 


In the special multidrop mode the parity error bit 
stores the receive A/D bit. 


SRA[4] — Channel A Overrun Error 
This bit, when set indicates that one or more 
characters in the received data stream have 


been lost. Itis set upon receipt of anew charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. 


This bit is cleared by a ‘reset error status’ com- 
mand. 


SRA[3] — Channel A Transmitter Empty 
(TXEMTA) 

This bit will be set when the Channel A transmit- 
ter underruns; i.e., both the Transmit Holding 
Register (THR) and the transmit shift register 
are empty. !tis set after transmission of the last 
stop bit of a character.if no character is in the 
THR awaiting transmission. Itis reset when the 
THR is loaded by the CPU orwhen the transmit- 
ter is disabled. 


SRA[2] — Channel A Transmitter Ready 
(TxRDYA) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
the CPU and is set when the character is trans- 
ferred to the transmit shift register. TxRDY is 
resetwhen the transmitter is disabled andis set 
when the transmitter is first enabled, viz., char- 
acters loaded into the THR while the transmitter 
is disabled will not be transmitted. 


SRAJ[1] — Channel A FIFO Full (FFULLA) 
This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
If acharacter is waiting in the receive shift regis- 
ter because the FIFO is full, FFULL will not be 
reset when the CPU reads the RHR. 


SRA[0] — Channel A Receiver Ready 
(RxRDYA) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. Itis set when the character is trans- 
ferred from the receive shift to the FIFO and re- 
set when the CPU reads the RHR, if after this 
read there are not more characters still in the 
FIFO. 


SRB — Channel B Status 


Register 

The bit definitions for this register are identical 
to the bit definitions for SRA, except that all sta- 
tus applies to the Channel B receiver and trans- 
mitter and the corresponding inputs and 
outputs. . 
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OPCR — Output Port 
Configuration Register 


OPCR[7] —- OP7 Output Select 

This bit programs the OP7 output to provide 
one of the following: 

~— The complement of OPR[7]. 


~— The Channel B transmitter interrupt output 
which is the complement of TxRDYB. 
When in this mode OP7 acts as an Open- 
Collector output. Note that this output is 
not masked by the contents of the IMR. 


OPCR[6] — OP6 Output Select 

This bit programs the OP6 output to provide 
one of the following: 

— The complement of OPR[6}]. 


— The Channel A transmitter interrupt output 
which is the complement of TxRDYA. 
When in this mode OP6 acts as an Open- 
Collector output. Note that this output is 
not masked by the contents of the IMR. 


OPCR([5]} — OP5 Output Select 

This bit programs the OPS output to provide 
one of the following: 

— The complement of OPR[5]. 


— The Channel B transmitter interrupt output 
which is the complement of ISR[5}]. When 
in this mode OP5 acts as an Open-Collec- 
tor output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[4] —- OP4 Output Select 

This field programs the OP4 output to provide 
one of the following: 

— The complement of OPR{4). 


— The Channel B transmitter interrupt output 
which is the complement of ISR[1]. When 
in this mode OP4 acts as an Open-Collec- 
tor output. Note that this output is not 
masked by the contents of the IMR. 


OPCR{[3:2] — OP3 Output Select 


This bit programs the OP3 output to provide | 


one of the following: 
— The complement of OPR{[3]. 


— The counter/timer output, in which case 
OP3 acts as an Open-Collector output. In 
the timer mode, this output is a square 
wave at the programmed frequency. In the 
counter mode, the output remains High un- 
til terminal count is reached, at which time 
it goes Low. The output returns to the High 
state when the counter is stopped by a 
stop counter command. Note that this out- 
put is not masked by the contents of the 
IMR. 


— The 1X clock for the Channel B transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel B receiver, 
which is the clock that samples the re- 
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ceived data. If data is not being received, 
a free running 1X clock is output. 


OPCR[1:0] —- OP2 Output Select 

This field programs the OP2 output to provide 
one of the following: 

— The complement of OPR[2]. 


~— The 16X clock for the Channel A transmit- 

~ ter. This is the clock selected by 
CSRAJ[3:0], and will be a 1X clock if 
CSRAJ[3:0] = 1111. 

— The 1X clock for the Channel A transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel A receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


ACR - Auxiliary Control 
Register 


ACR[7] - Baud Rate Generator Set Select 
This bit selects one of two sets of baud rates to 
be generated by the BRG: 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

Set 2: 75, 110, 134.5, 150, 300, 600, 1.2k, 


1.8k, 2.0k, 2.4k, 4.8k, 9.6k, and 
19.2k baud. 


The selected set of rates is available for use by 
the Channel A and Breceivers and transmitters 
as described in CSRA and CSRB. Baud rate 
generator characteristics are given in Table 3. 


ACR[6:4] — Counter/Timer Mode And 
Clock Source Select 

this field selects the operating mode of the 
counter/timer and its clock source as shown in 
Table 4. 


ACR[3:0] —IP3, IP2, IP 1, IPO 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register (ISR[7]) to be 
set. Ifa bit is in the ‘on’ state the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. Ifa bit 
is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7:4] —IP3, 1P2, 1P1, IPO 
Change-of-State 

These bits are’set when a change-of-state, as 
defined in the input port section of this data 
sheet, occurs at the respective input pins. They 
are cleared when the IPCR is read by the CPU. 
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A read of the IPCR alsoclears ISR[7], the input 


’ change bit in the interrupt status register. The 


setting of these bits can be programmed to 
generate an interrupt to the CPU. 


IPCR[3:0] — 1P3, IP2, IP1, IPO 

Current State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the input pins at the 
time the IPCR is read. 


ISR — Interrupt Status Register 

This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the Interrupt Mask Register 
(IMR). Ifa bit in the ISR is a‘1’ and the corre- 
sponding bit in the IMR is also a'‘1’, the INTRN 
output will be asserted. If the corresponding bit 
in the IMR is a zero, the state of the bit in the 
ISR has no effect on the INTRN output. Note 
that the IMR does not mask the reading of the 
ISR —the true status willbe providedregardless 
of the contents of the IMR. The contents of this 


register are initialized to 00,3 when the DUART 
is reset. 


ISR[7] — Input Port Change Status 

This bit is a ‘1’ when a change-of-state has oc- 
curred at the IPO, IP 1, IP2, or IP3 inputs and 
that event has been selected to cause an inter- 
rupt by the programming of ACR[3:0]. The bit 
is cleared when the CPU reads the IPCR. 


ISR[6] — Channel B Change In Break 

This bit, when set, indicates that the Channel B 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel B ‘reset break change inter- 
rupt command. 


ISR[5] —- Channel B Receiver Ready 

or FIFO Full 

The function of this bit is programmed by 
MR1B[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel B andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
lf after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis setwhen a character is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel B FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
lfacharacter is waiting in the receive shiftregis- 
ter because the FIFO is full, the bit will be set 
again when the waiting character is loaded into 
the FIFO. 


ISR[4] — Channel B Transmitter Ready 
This bit is a duplicate of TXRDYB (SRB[2)). 
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ISR[3}] —- Counter Ready. 

In the counter mode, this bit is set when the 
counter reaches terminal count and is reset 
when the counter is stopped by a stop counter 
command. 


In the timer mode, this bitis set once each cycle 
of the generated square wave (every other time 
thatthe counter/timer reaches zero count). The 
bit is reset by a stop counter command. The 
command, however, does not stop the counter/ 
timer. 


ISR[2] - Channel A Change in Break 

This bit, when set, indicates that the ChannelA 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel A ‘reset break change inter- 
rupt’ command. 


ISR{1] — Channel A Receiver Ready Or 
FIFO Full 

The function of this bit is programmed by 
MRIAI[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel A andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU read the RHR. 
IF after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis setwhen acharacter is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel A FIFO to be- 
come full;i.e., allthree FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
Ifa character is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the ISR[0] and IMR waiting charac- 
ter is loaded into the FIFO. 


ISR[0] — Channel A Transmitter Ready 
This bit is a duplicate of TxRDYA (SRA[2)). 


Table 3. 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the SR causes an interrupt output. Ifa 
bit in the ISR is a‘1' and the corresponding bit 
in the IMR is also a‘1' the INTRN output will be 
asserted. If the corresponding bit in the IMR is 
a zero, the state of the bit in the ISR has no ef- 
fect on the INTRN output. Note that the IMR 
does not mask the programmable interrupt out- 
puts OP3—OP7 or the reading of the ISR. 


CTUR and CTLR — Counter/Timer 


Registers 

The CTUR and CTLR hold the eight MSBs and 
eight LSBs, respectively, of the value to be 
used by the counter/timer in either the counter 
or timer modes of operation. The minimum va- 
lue which may be loaded into the CTUR/CTLR 
registers is 000215. Note that these registers 
are write-only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
CT generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. 


If the value in CTUR and CTLR is changed, the 
current half-period will not be affected, but sub- 
sequent half periods will be. In this mode the 
C/T runs continuously. Receipt of a start count- 
er command (read with A3-A0 = 1110) causes 
the counter to terminate the currenttiming cycle 
and to begin a new cycle using the values in 
CTUR and CTLR. 


The counter ready status bit (ISR[3]) is setonce 
each cycle of the square wave. The bit is reset 
by a stop counter command (read with A3-AO 
= 1111). The command however, does not stop 
the C/T. The generated square wave is output 
on OP3 if it is programmed to be the C/T 
output. 
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On power up and after reset, the timer/counter 
runs in timer mode and can only be restarted. 
Because it cannot be shut off or stopped, and 
runs continuously in timer mode, it is recom- 
mended that at initialization, the output port 
(OP3) should be masked off through the 
OPCRY[3:2] = 00 until the T/C is programmed to 
the desired operational state. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR and CTLR 
by the CPU. Counting begins upon receipt of 
a counter command. Upon reaching terminal 
count (0000,¢), the counter ready interrupt bit 
(ISR[3]) is set. The counter continues counting 
past the terminal count until stopped by the 
CPU. If OP3 is programmed to be the output 
of the C/T, the output remains High until termi- 
nal count is reached, at which time it goes Low. 
The output returns to the High state and ISR[3] 
is cleared when the counter is stopped by a stop 
counter command. The CPU may change the 
values of CTUR and CTLR at any time, but the 
new count becomes effective only on the next 
start counter command. If new values have not 
been loaded, the previous count values are pre- 
served and used for the next count cycle. 


Inthe counter mode, the current value of the up- 
per and lower 8 bits of the counter (CTU, CTL) 
may be read by the CPU. 


Itis recommended that the counter be stopped 
when reading to prevent potential problems 
which may occur if a carry from the lower 8 bits 
to the upper 8 bits occurs between the times 
that both halves of the counter are read. How- 
ever, note that a subsequent start counter com- 
mand will cause the counter to begin a new 
count cycle using the values in CTUR and 
CTLR. 


Bit Rate Generator Characteristics Crystal or Clock = 3.6864MHz 


NORMAL RATE (BAUD) ACTUAL 16x CLOCK (kHz) ERROR (%) 


NOTE: Duty cycle of 16x clock is 50% + 1%. 
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Table 4. ACR 6:4 Field Definition 


CLOCK SOURCE 


Counter External (IP2) 
Counter TxCA — 1x clock of Channel A transmitter 
Counter TxCB — 1x clock of Channel B transmitter 


Counter Crystal or external clock (x1/CLK) divided by 16 
Timer External (IP2) 

Timer External (IP2) divided by 16 

Timer Crystal or external clock (x1/CLK) 

Timer Crystal or external clock (x1/CLK) divided by 16 





TIMING DIAGRAMS 





Figure 1. Reset Timing 


DO-D7 
(WRITE) 





Figure 2. Bus Timing 
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OLD DATA NEW DATA 


Figure 3. Port Timing 


INTERRUPT" 
OUTPUT 


NOTES: 


1. INTRN or OP3 —- OP7 when used as interrupt outputs. 

2. The test for open-drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from themidpoint of the switching signal, Vy, to a 
point 0.5V above Vq. This point represents noise margin that assures true switching has occurred. Beyond this level, the effects of external circuitry and test environment are pronounced 
and can greatly affect the resultant measurement. 


Figure 4. Interrupt Timing 


5V 
R1: 100K - 1Meg (See design note) ‘ 
C1 = C2: 0-5pF + (STRAY < 5pF) 


DRIVING FROM 
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. +5V 
X1/CLK 
CTCLK 1KQ 
RxC 
Txc 
X1 
C1 
co seit 
= C2 
X2 . 
ad 3.6864MHz 


CRYSTAL SERIES RESISTANCE3 SHOULD 
BE LESS THAN 180Q 


CLOCK 
TO OTHER 
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Figure 5. Clock Timing 
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TxC 
(1X OUTPUT) 


RxC 
(1X INPUT) 


TRANSMITTER 
ENABLED 


TxRDY 
(SR2) 


“WRN 


( 


OPR(0) = 1 


NOTES: 
1. Timing shown for MR2(4) = 1. 
2. Timing shown for MR2(5) = 1. 
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1 BIT TIME 
(1 OR 16 CLOCKS) ———> 


Figure 6. Transmit 


Figure 7. Receive 


¥, 7 
D3. START D5 WILL 
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OPR(0) = 1 





Figure 8. Transmitter Timing 
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RECEIVER 
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RxRDY 
(SRO) 


FFULL 
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ad 


D1 SWikL p2 D3 D4 
OVERRUN ELO 
(SR4) RESET BY COMMAND 


RTS' t 
(OPO) a ra 
OPR(O) = 1 
NOTES: 
1. Timing shown for MR1(7) = 1. 


2. Shown for OPCR(4) = 1 and MR(6) = 0. : . 
. Figure 9. Receiver Timing 
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Figure 10. Wake-Up Mode 
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DESCRIPTION 


The Signetics SCN2681 Dual Universal 


Asynchronous Receiver/Transmitter 
(DUART) is a single-chip MOS-LS|I 
communications device that provides 
two independent full-duplex 
asynchronous receiver/transmitter 
channels in a single package. The 
SCN2681T features a faster bus cycle 
time than the standard SCN2681. The 
quick bus cycle eliminates or reduces 
the need for wait states with fast CPUs 
and permits high throughput in I/O 
intensive systems. Higher external 
clock rates may be used with the 
transmitter, receiver and counter timer 
which in turn provide greater versatility 
in baud rate generation. The 
SCN2681T interfaces directly with 
microprocessors and may be used in a 
polled or interrupt driven system. 


The operating mode and data format of 
each channel can be programmed 
independently. Additionally, each 
receiver and transmitter can select its 
operating speed as one of eighteen 
fixed baud rates, a 16X clock derived 
from a programmable counter/timer, or 
an external 1X or 16X clock. The baud 
rate generator and counter/timer can 
operate directly from a crystal or from 
external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the DUART particularly attractive 
for dual-speed channel applications 
such as-:clustered terminal systems. 


Each receiver is quadruple buffered to 
minimize the potential of receiver 
Over-run or to reduce interrupt overhead 
in interrupt driven systems. In addition, 
a flow control capability is provided to 


SCN2681T 


Dual asynchronous 
receiver/transmitter (DUART) 


disable a remote DUART transmitter 


~ when the receiver buffer is full. 


Also provided on the SCN2681T area 
multipurpose 7-bit input port and a 
multipurpose 8-bit output port. These 
can be used as general purpose I/O 
ports or can be assigned specific 
functions (such as clock inputs or 
status/interrupt outputs) under program 
control. 


For a complete functional description 
and programming information for the 
SCN2681T, refer to the SCN2681 
product specification. 


FEATURES 
® Fast bus cycle times reduce or 
eliminate CPU wait states 


@ Dual full-duplex asynchronous 
receiverAransmitters 


® Quadruple buffered receiver data 
registers 
® Programmable data format 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force parity 
— 1, 1.5 or 2 stop bits programmable 
in 1/16-bit increments 


® Programmable baud rate for each 
receiver and transmitter selectable 
from: 


— 18 fixed rates: 50 to 38.4k baud 


— One user-defined rate derived from 
programmable counter/imer 


— External 1X or 16X clock 


® Parity, framing, and overrun error 
detection 


@ False start bit detection 
® Line break detection and generation 


@ Programmable channel mode 
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— Normal (full-duplex) 
~— Automatic echo 
— Local loopback 
— Remote loopback 
@ Multi-function programmable 16-bit 
counter/imer 
@ Multi-function 7-bit input port 
— Can serve as clock or control inputs 
— Change of state detection on four 
inputs 
® Multi-function 8-bit output port 
— Individual bit set/reset capability 
— Outputs can be programmed to be 
status/interrupt signals 
@ Versatile interrupt system 


— Single interrupt output with eight 
maskable interrupting conditions 


— Output port can be configured to 
provide a total of up to six separate 
wire-ORable interrupt outputs 


@ Maximum data transfer rates: 
1X — 1MB/sec transmitter and 
receiver; 16X — 500kB/sec receiver 
and 250kB/sec transmitter 


@ Automatic wake-up mode for multidrop 
applications 


@ Start-end break interrupt/status 


® Detects break which originates in the 
middle of a character 


®@ On-chip crystal oscillator 
@ Single +5V power supply 


@ Commercial and industrial 
temperature ranges available 
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PIN CONFIGURATIONS 


TOP VIEW 


PIN/FUNCTION PIN/FUNCTION 


23 NC 

24 INTRN 

25 D6 

26 D4 

27 D2 

28 DO 

29 OP6 

30 OP4 

31 OP2 

32 OPO 

33 TxDA 
NC 
RxDA 
X1/CLK 


OONDNAPWN — 


X2 
RESET 
CEN 
IP2 

iP6 

IP5 

IP4 


Noo 





ORDERING INFORMATION | 


DESCRIPTION Voc = +5V +10%, Ty = 0°C to +70°C 
40-Pin Plastic DIP (600mil-wide DIP) SCN2681TC1N40A 









44-Pin Plastic LCC SCN2681TC1A44A 


November 5, 1990 85 


Philips Components—Signetics Data Communication Products Product Specification 





Dual asynchronous receiver/transmitter (DUART) SCN2681T 





BLOCK DIAGRAM 
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PIN DESCRIPTION 


MNEMONIC | TYPE NAME AND FUNCTION 


Data Bus: Bidirectional three-state data bus used to transfer commands, data and status between 
the DUART and the CPU. D0 is the least significant bit. 









Chip Enable: Active low input signal. When low, data transfers between the CPU andthe DUART are enabledon DO-D7 
as controlled by the WRN, RDN, and AO-A3 inputs. When CEN is high, the DUART places the DO-D7 lines in the three- 
state condition. 


Write Strobe: When low and CEN is also low, the contents of the data bus is loaded into the addressed register. The 
transfer occurs on the rising edge of the signal. 









Read Strobe: When low and CEN is also low, causes the contents of the addressed register to be presented on the 
data bus. The read cycle begins on the falling edge of RDN. 


Address Inputs: Select the DUART internal registers and ports for read/write operations. 
Reset: A high level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts OPO—OP7 in the high state, stops 


the counter/timer, and puts channels A and B in the inactive state, with the TxDA and TxDB outputs in the mark (high) 
State. 








INTRN Interrupt Request: Active-low, open-drain output which signals the CPU that one or more of the eight maskable inter- 


rupting conditions are true. 








X1/CLK Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be supplied at all times. When 


a crystal is used, a capacitor must be connected from this pin to ground (see Figure 5). 
X2 Crystal 2: Connection for other side of crystal. When a crystal is used, a capacitor must be connected from this pin to 
ground (see Figure 5). If X1/CLK is driven from an external source, this pin should be grounded. 








Channel A Receiver Serial Data Input: The least significant bit is received first. ‘Mark’ is high, ‘space’ is low. 
Channel B Receiver Serial Data Input: The least significant bit is received first. ‘Mark’ is high, ‘space’ is low. 


Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This output is held in the ‘mark’ 
condition when the transmitter is disabled, idle, or when operating in local loopback mode. ‘Mark’ is high, ‘space’ is low. 







Channel B Transmitter Serial Data Output: The least significant bit is transmitted first. This output is held in the ‘mark’ 
condition when the transmitter is disabled, idle, or when operating in local loopback mode. ‘Mark’ is high, ‘space’ is low. 







Output 0: General purpose output, orchannel Arequestto send(RTSAN, active-low). Can be deactivated automatically 
on receive or transmit. 







Output 1: General purpose output, orchannel B request to send (RTSBN, active-low). Can be deactivated automatically 
on receive or transmit. 







Output 2: General purpose output, or channel A transmitter 1X or 16X clock output, or channel A receiver 1X clock 
output. 







Output 3: General purpose output, or open-drain, active-low counter/timer output, or channel B transmitter 1X clock 
output, or channel B receiver 1X clock output. 













Output 4: General purpose output, or channel A open-drain, active-low, RxRDYA/FFULLA output. 
Output 5: General purpose output, or channel B open-drain, active-low, Rx RDYB/FFULLB output. 
Output 6: General purpose output, or channel A open-drain, active-low, TXRDYA output. 
Output 7: General purpose output, or channel B open-drain, active-low TxRDYB output. 
Input 0: General purpose input, or channel A clear to send active-low input (CTSAN). 
Input 1: General purpose input, or channel B clear to send active-low input (CTSBN). 
Input 2: General purpose input, or counter/timer external clock input. 


Input 3: General purpose input, or channel A transmitter external clock input (TxCA). When the external clock is used 
by the transmitter, the transmitted data is clocked on the falling edge of the clock. 







Input 4: General purpose input, or channel A receiver external clock input (RxCA). When the external clock is used by 
the receiver, the received data is sampled on the rising edge of the clock. 
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PIN DESCRIPTION (Continued) 


MNEMONIC | NAME AND FUNCTION a 
IPS 


Input 5: General purpose input, or channel B transmitter external clock input (TxCB). When the external clock is used 
IP6 
Voc 
~ GND 


by the transmitter, the transmitted data is clocked on the falling edge of the clock. 
ABSOLUTE MAXIMUM RATINGS! 


[__[Alvotages wih respectio GNO* | 05160 |v 


NOTES: 

' 1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operation section of this specification is not 
implied. ; 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 


DC ELECTRICAL CHARACTERISTICS! 2:3 _ 
| 
SYMBOL _ PARAMETER “dh TEST CONDITIONS | Min | | Max | UNIT 
lee ; 
















Input 6: General purpose input, or channel B receiver external clock input (RxCB). When the external clock is used by 
the receiver, the received data is sampled on the rising edge of the clock. . 





Power Supply: +5V supply input. 


Ground 






















Vit Input low voltage 

Vin Input high voltage (except X1/CLK) 2.0 

Vin Input high voltage (X1/CLK) 3.5 

Vo Output low voltage lo. = 2.4mA 

Vou Output high voltage (except o.c. outputs)4 lon = -400nA 2.4 
-2 







































0.4 
od Input leakage current Vin = 9 to Voc -10 10 
IL Data bus 3-state leakage current Vo = 0.4 to Voc -10 10 
X1/CLK low input current Vin = 0, X2 grounded -4 0 
Vin = 0, X2 floated -3° -1.5 0 

X1/CLK high input current Vin = Vec, X2 = grounded -1 0.2 1 mA 

Vin = Voc, X2 floated 0 3.5 10 mA 

X2 low input current Vin = 0, X1/CLK floated -100 -30 0 pA 

X2 high input current Vin = Vec, X1/CLK floated O | +30 100 pA 

log | Open-collector output leakage current Vo = 0.4 to Voc -10. Bares 
loc Power supply current® 
0°C to +70°C version 150 mA 


NOTES: 

1. Parameters are valid over specified temperature range. See Ordering information table for applicable operating temperature range and Vcc 
supply range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a trans- 

ition time of 20ns maximum. For X1/CLK this swing is between 0.4V and 4.0V. All time measurements are referenced at input voltages of 

0.8V and 2.0V and output voltages of 0.8V and 2.0V as appropriate. 

Typical values are at +25°C, typical supply voltages, and typical processing parameters. 

Test conditions for outputs: C_ = 150pF, except interrupt outputs. Test conditions for interrupt outputs: C,, = SOpF, Ry = 2.7kQ to Vcc. 

For bus operations, CEN and RDN (also CEN and WRN) are ANDed internally. As a consequence, the signal asserted last initiates the cycle 

and the signal negated first terminates the cycle. 


ap wo 
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AC ELECTRICAL CHARACTERISTICS]: 2; 3, 4 


Figure 1. Reset Timing 





NOTES: 

1. Parameters are valid over specified temperature range. See Ordering information table for applicable operating temperature range and Vcc 
supply range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a trans- 
ition time of 20ns maximum. For X1/CLK this swing is between 0.4V and 4.0V. All time measurements are referenced at input voltages of 
0.8V and 2.0V and output voltages of 0.8V and 2.0V as appropriate. 

3. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 

4. Test conditions for outputs: Cs = 150pF, except interrupt outputs. Test conditions for interrupt outputs: CO, = 50pF, Ry = 2.7KQ to Voc. 


LIMITS 
SYMBOL PARAMETER a eed UNIT 
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CEN 
(WRITE) 


tDVWH 
tWHDI 


Do-D7 


Figure 2. Bus Timing 


AO-A3 setup to RDN and CEN, or WRN and CEN low 
RDN and CEN, or WRN and CEN low to AO—A7 invalid 
RDN and CEN low to RDN or CEN high 

CEN high to CEN low2:3 

CEN and RDN low to data outputs active 

CEN and RDN low to data valid 

CEN or RDN high to data invalid 

CEN or RDN high to data outputs floating 

WRN and CEN low to WRN or CEN high 

Data input valid to WRN or CEN high 

WRN or CEN high to data invalid 





ee 
For bus operations, CEN and RDN (also CEN and WRN) are ANDed ietnally As aconsequence, the signal asserted last initiates the cycle 
and the signal negated first terminates the cycle. 

2. \f CEN is used as the ‘strobing' input, the parameter defines the minimum high times between one CEN and the next. The RDN signal must 
be negated for teye, to guarantee that any status register changes are valid. As a consequence, this minimum time must be met for the RDN 
input even if the CEN is used as the strobing signal for bus operations. 

3. Consecutive write operations to the same command register require at least three rising edges of the X1 clack between writes. 
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(a) INPUT PINS 


OLD DATA 
NEW DATA 
(b) OUTPUT PINS 


Figure 3. Port Timing 


LIMITS 
SYMBOL PARAMETER" | Min | Max | UNIT 
tps Port input setup time before RDN low 
tey Port input hold time after RDN high 
200 


tpp Port output valid after WRN high 
NOTE: 

1. For bus operations, CEN and RDN (also CEN and WRN) are ANDed internally. As a consequence, the signal asserted last initiates the cycle 
and the signal negated first terminates the cycle. 
















ns 
ns 
ns 





INTERRUPT’ 
OUTPUT 


NOTES: 

1. INTRN or OP3-OP7 when used as interrupt outputs. 

2. The test for open drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from the midpoint of the switching 
signal, Vu, to a point 0.5V above Vq. This point represents noise margin that assures true switching has occurred. Beyond this level, the effects of external circuitry and 
test environment are pronounced and can greatly affect the resultant measurement. 


Figure 4. Interrupt Timing 


LIMITS 
SYMBOL PARAMETER | Min | Max =| UNIT 
INTRN (or OP3—OP7 when used as interrupts) negated from: 
Read RHR (RxRDY/FFULL interrupt) ns 
Write THR (TxRDY interrupt) ns 
Reset command (delta break interrupt) ns 


Stop C/T command (counter interrupt) ns 
Read IPCR (input port change interrupt) ns 
ns 





Write IMR (clear of interrupt mask bit) 
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DRIVING FROM 
EXTERNAL SOURCE 


+5V 


X1/CLK 
CTCLK 
RxC 
Txc 


SCN2681T 


R1: 100K - 1Meg 3.6864MHz 
C1 = C2: 0-5pF + (STRAY «< 5pF) 


CRYSTAL SERIES RESISTANCE3 SHOULD 
BE LESS THAN 1802 


Figure 5. Clock Timing 


90 ns 


4 MHz 














SYMBOL PARAMETER 


X1/CLK high or low time 
X1/CLK frequency 
CTCLK (IP2) high or low time 
CTCLK (IP2) frequency! 
RxC high or low time 
RxC frequency (16X)' 

(1X)! 
TxC high or low time 
TxC frequency (16X)' 
(1X)! 





NOTE: 
1. Minimum frequencies are not tested but are guaranteed by design. 
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1 BIT TIME 
(1 OR 16 CLOCKS) 


TxC 
(INPUT) 


TxC 
(1X OUTPUT) 


Figure 6. Transmit 


LIMITS 

SYMBOL PARAMETER | Min | Max | UNIT 
trxp TxD output delay from TxC low 300 
trcs Output delay from TxC low to TxD data output 100 


RxC 
(1X INPUT) 














Figure 7. Receive 


SYMBOL | PARAMETER 


taxs RxD data setup time to RxC high 
tRxXH RxD data hold time from RxC high 
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TRANSMITTER 
ENABLED 


TxRDY 
(SR2) 


STOP D5 WILL 
BREAK NOT BE 
TRANSMITTED | 


OPR(0) = 1 OPR(0) = 1 


NOTES: 
1. Timing shown for MR2(4) = 1. 
2. Timing shown for MR2(5) = 1. 


Figure 8. Transmitter Timing 


D6, D7, D8 WILL BE LOST 


RECEIVER 
ENABLED 


RxRDY 
(SRO) 


FFULL 
(SR1) 


RxRDY/ 
FFULL 
(OP5)? 





nen S = STATUS 


D = DATA 


OVERRUN RESET BY 
(SR4) COMMAND 


RTS! 
(OPO) Ze 
OPR(0) = 1 


NOTES: 
-1. Timing shown for MR1(7) = 1. 
2. Shown for OPCR(4) = 1 and MR1(6) = 0. 


Figure 9. Receiver Timing 
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MASTER STATION 


BIT 9 
vo L Lasonts | L_Poefop fre 


TRANSMITTER 
ENABLED 


TxRDY -————————____—_—_——. 
(SR2) 
WRN ¢ 


MR1(4-3)= 11 ADD#1MR1(2) = ODO MR1(2)=1 ADD#2 
MR1(2) = 1 


PERIPHERAL STATION 
BIT 9 BIT 9 BIT 9 


SSS 
eo LL fo) | [woot iL Po fit, 


RECEIVER | 
ENABLED | ! 


| 


RxRDY 
(SRO 


RON/WRN 


MR1(4—3) = 11 ADD#1 





Figure 10. Wake-Up Mode 
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DESCRIPTION 

The Signetics SCN68681 Dual Universal 
Asynchronous Receiver/Transmitter 
(DUART) is a single-chip MOS-LSI 
communications device that provides 
two independent full-duplex 
asynchronous receiver/transmitter 
channels in a single package. It is 
compatible with other S68000 family 
devices, and can also interface easily 
with other microprocessors. The | 
DUART can be used in polled or 
interrupt driven systems. 


The operating mode and data format of 
each channelcanbe programmed  _ 
independently. Additionally, each 
receiver and transmitter can select its 
operating speed as one of eighteen 
fixed baud rates, a 16X clock derived 
from a programmable counter/timer, or 
an external 1X or 16X clock. The baud 
rate generator and counter/timer can 
operate directly from a crystal or from 
external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the DUART particularly attractive 
for dual-speed channel applications 
such as clustered terminal systems. 


“SCN68681 


Dual asynchronous 
receiver/transmitter (DUART) | 


FEATURES 
© S68000 bus compatible 


@ Dual full-duplex asynchronous 
receiverAransmitter 


® Quadruple buffered receiver data 
registers 
© Programmable data format 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force parity 
— 1, 1.5 or 2 stop bits programmable 
in 1/16-bit increments 


® Programmable baud rate for each 
receiver and transmitter selectable 
from: 


— 18 fixed rates: 50 to 38.4k baud 


— One user-defined rate derived from 
programmable counter/Aimer 


— External 1X or 16X clock 


© Parity, framing, and overrun error 
detection 


@ False start bit detection 
® Line break detection and generation 
® Programmable channel mode 

~— Normal (full-duplex) 

— Automatic echo 

— Local loopback 

— Remote loopback 


® Multi-function programmable 16-bit 
counter/timer 
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@ Multi-function 6-bit input port 
— Can serve as clock or control inputs 
— Change-of-state detection on four 
inputs 
® Multi-function 8-bit output port 
— Individual bit set/reset capability 
— Outputs can be programmed to be 
status/interrupt signals 
® Versatile interrupt system 


— Single interrupt output with eight 
maskable interrupting conditions 


— Interrupt vector output on interrupt 
acknowledge | 


— Output port can be configured to 
provide a total of up to six separate 
wire-ORable interrupt outputs 


® Maximum data transfer rates: 
1X - 1MB/sec, 16X - 125kB/sec 


@ Automatic wake-up mode for multidrop 
applications 


@ Start-end break interrupt/status 


@ Detects break which originates in the 
middie of a character 


@ On-chip crystal oscillator 
® Single +5V power supply 


© Commercial and industrial tempera- 
ture ranges available 


@ DIP and PLCC packages 
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PIN CONFIGURATIONS 


DTACKN 


RxDB 
TxDB 
OP1 


OP3 


OMDNOnNPWNH— 


OP5 





ORDERING INFORMATION 


ae ne [ae 
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BLOCK DIAGRAM 


CHANNEL A 


TRANSMIT 
HOLDING REG 


8 
D0-D7 Ca BUS BUFFER 


TRANSMIT 
SHIFT REGISTER 


R/WN OPERATION CONTROL 


DTACKN 
CSN 
A1-A4 
RESETN 


RECEIVE 
HOLDING REG (3) 


RECEIVE 
SHIFT REGISTER 


all 
Ut 
i) 


INTERRUPT CONTROL 


CHANNEL B 
(AS ABOVE) 


L 


INTERNAL DATABUS 


INPUT PORT 


CHANGE OF 
STATE 
DETECTORS (4) 


iPCR 
ACR 


TIMING 


BAUD RATE 
GENERATOR 


CLOCK 
SELECTORS 


aid 
= 
9 
x 
Zz 
8 


COUNTER/ 
TIMER OUTPUT PORT 


FUNCTION 
SELECT LOGIC 
X1/CLK 


X2 


lass 


XTAL OSC 
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PIN DESCRIPTION 


SYMBOL | TYPE NAME AND FUNCTION 











R/WN 












A1-A4 
RESETN 







DTACKN 






INTRN 






IACKN 






X1/CLK 






X2 
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Data Bus: Bidirectional 3-State data bus used to transfer commands, data and status between the DUART and the 
CPU. DO is the least significant bit. 


Chip Select: Active-Low input signal. When Low, data transfers between the CPU and the DUART are enabled on 
DO-D7 as controlled by the R/WN, RDN and A1-A4 inputs. When High, places the DO-D7 lines in the 3-State condi- 
tion. 

Read/Write: A High input indicates a read cycle and a Low input indicates a write cycle, when a cycle is initiated by 
assertion of the CSN input. 


Address Inputs: Select the DUART internal registers and ports for read/write operations. 


Reset: A Low level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), initializes the IVR to hex OF, puts 
OPO0-OP7 in the High state, stops the coutner/timer, and puts Channel A and B in the inactive state, with the TxDA 
and TxDB outputs in the mark (High) state. 


Data Transfer Acknowledge: Three-state active Low output asserted in write, read, or interrupt cycles to indicate 
proper transfer of data between the CPU and the DUART. 


.Interrupt Request: Active-Low, open-drain, output which signals the CPU that one or more of the eight maskable 


interrupting conditions are true. 


Interrupt Acknowledge: Active-Low input indicating an interrupt acknowledge cycle. In response, the DUART will 
place the interrupt vector on the data bus and will assert DTACKN if it has an interrupt pending. 


Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be supplied at all times. Ifa 
crystal is used, a capacitor must be connected from this pin to ground (see Figure 7). 


Crystal 2: Connection for other side of the crystal. When a crystal is used, a capacitor must be connected from this 
pin to ground (see Figure 7). If an external clock is used, this pin should be grounded. 


Channel A Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, “space” is Low. 
Channel B Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, “space” is Low. 


Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This output is held in the 
“mark” condition when the transmitter is disabled, idle or when operating in local loopback mode. “Mark” is High, 
“space” is Low. 


Channel B Transmitter Serial Data Output: The least significant bit is transmitted first. This output is held in the 
‘mark’ condition when the transmitter is disabled, idle, or when operating in local loopback mode. ‘Mark’ is High, 
‘space’ is Low. 


Output 0: General purpose output or Channel A request to send (RTSAN, active-Low). Can be deactivated auto- 
matically on receive or transmit. 


Output 1: General purpose output or Channel B request to send (RTSBN, active-Low). Can be deactivated auto- 
matically on receive or transmit. 


Output 2: General purpose output, or Channel A transmitter 1X or 16X clock output, or Channel A receiver 1X clock 
output. 


Output 3: General purpose output or open-drain, active-Low counter/timer output or Channel B transmitter 1X clock 
output, or Channel B receiver 1X clock output. . 


Output 4: General purpose output or Channel A open-drain, active-Low, RxRDYA/FFULLA output. 
Output 5: General purpose output or Channel B open-drain, active-Low, RxRDYB/FFULLB output. 
Output 6: General purpose output or Channel A open-drain, active-Low, TxRDYA output. 

Output 7: General purpose output, or Channel B open-drain, active-Low, TxRDYB output. 

Input 0: General purpose input or Channel A clear to send active-Low input (CTSAN). 

Input 1: General purpose input or Channel B clear to send active-Low input (CTSBN). 


Input 2: General purpose input, or Channel B receiver external clock input (RxCB), or counter/timer external clock 
input. When the external clock is used by the receiver, the received data is sampled on the rising edge of the clock. 


Input 3: General purpose input or Channel A transmitter external clock input (TxCA). When the external clock is 
used by the transmitter, the transmitted data is clocked on the falling edge of the clock. 


Input 4: General purpose input or Channel A receiver external clock input (RxCA). When the external clock is used 
by the receiver, the received data is sampled on the rising edge of the clock. 


Input 5: General purpose input or Channel B transmitter external clock input (TxCB). When the external clock is 
used by the transmitter, the transmitted data is clocked on the falling edge of the clock. 


Power Supply: +5V supply input. 
Ground: 
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ABSOLUTE MAXIMUM RATINGS? | 


Storage temperature range 
[[Aalvotages wih espectto gina” | 08160 | Vv 


Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 
implied. 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Parameters are valid over specified temperature range. See Ordering information table for applicable operating temperature range and Voc 
supply range. 







DC ELECTRICAL CHARACTERISTICS! 2: 3 


Input low voltage © 

Input high voltage (except X1/CLK)° 
Input high voltage (except X1/CLK)* | 
Input high voltage (X1/CLK) 


Output low voltage ‘ lo. = 2.4mA 
Output high voltage (except o.d. outputs)° lon = -400nA 
Output high voltage (except o.d. outputs)* lou = -400nA 


X1/CLK low input current Vin = 0, X2 grounded 
Vin = 0, X2 floated 
X1/CLK high input current Vin = Voc, X2 grounded 
Vin = Voc, X2 floated 
X2 low input current Vin = 0, X1/CLK floated 
X2 high input current Vin = Voc, X1/CLK floated 


Open-collector output leakage current Vo = 0.4 to Voc 
Power supply current 

0°C to +70°C version 

-40°C to +85°C version 





NOTES: 

1. Parameters are valid over specified temperature range. See Ordering information table for applicable operating temperature range and Vcc 
supply range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a trans- 

ition time of 20ns maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 

0.8V and 2.0V as appropriate. | 

Typical values are at +25°C, typical supply voltages, and typical processing parameters. 

Ta < O°C 

Ta > 0°C 


SO) G9 
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AC CHARACTERISTICS Ty = -55°C to +125°C, Vog = 5.0V + 10% 123-4 


LIMITS 
SYMBOL PARAMETER 


et re | 
Reset Timing (See Figure 1) 
[tes RESETNpusewiath——SC~—“—~S*SsSCSC‘C~C~;~‘~;~;~*~dYC:; <SOC|SCCdSCCdSC 


Bus Timing (See Figures 2, 3 4) 


Ai-A4 setup time to CSN Low 
A1-A4 hold time from CSN High 

RWN setup time to CSN High 

RWN holdup time to CSN High 

CSN High pulse width 

CSN or IACKN High from DTACKN Low 

Data valid from CSN or IACKN Low 

Data bus floating from CSN or IACKN High’ 

Data setup time to CLK High 

Data hold time from CSN High 

DTACKN Low from read data valid 

DTACKN Low (read cycle) from CLK High 

DTACKN Low (write cycle) from CLK High 

DTACKN High from CSN or [ACKN High 

DTACKN High imepdance from CSN or IACKN High 
CSN or IACKN setup time to clock High 


Port Timing (See Figure 5) 


































































Port input setup time to CSN Low 
Port input hold time from CSN High 
Port output valid from CSN High 
















Interrupt Reset Timing (See Figure 6) 


INTRN or OP3-OP7 when used as interrupts negated from: 
Read RHR (RxRDY/FFULL interrupt) 

Write THR (TxRDY interrupt) 

Reset command (delta break interrupt) 

Stop C/T command (counter interrupt) 

Read IPCR (input port change interrupt) 

Write IMR (clear of interrupt mask bit) 


Clock Timing (See Figure 7) 


X1/CLK High or Low time 
X1/CLK frequency 
CTCLK High or Low time 
CTCLK frequency 
RxC High or Low time 
RxC frequency (16X) 
(1X) 
TxC High or Low time 
TxC frequency (16X) 
(1X) 


Transmitter Timing (See Figure 8) 


trxp TxD output delay from TxC Low 350 ns 
trcs Output delay from TxC Low to TxD data output 150 ns 


Receiver Timing (See Figure 9) 


taxs RxD data setup time to RxC High 240 ns 

taxH RxD data hold time from RxC High 200 ns 
NOTES: 
1. Parameters are valid over specified temperature range. See Ordering information table for applicable operating temperature range and Vcc 

supply range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a trans- 
ition time of 20ns maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 
0.8V and 2.0V as appropriate. 
Typical values are at +25°C, typical supply voltages, and typical processing parameters. 


Test conditions for outputs: C_ = 150pF, except interrupt outputs. Test condition for interrupt outputs: C, = 50pF, Ry = 2.7kQ to Voc. 

This specification will impose maximum 68000 CPU CLK to 6MHz. Higher CPU CLK can be used if repeating bus reads are not performed. 
Consecutive write operations to the same command register require at least three edges of the X1 clock between writes. 

This specification imposes a lower bound on CSN and IACKN Low, guaranteeing that it will be Low for at least 1 CLK period. This require- 
ment is made on CSN only to insure assertion of DTACKN and not to guarantee operation of the part. 

This specification is made only to insure that DTACKN is asserted with respect to the rising edge of the X1/CLK pin as shown in the timing 

diagram, not to guarantee operation of the part. If the setup time is violated, DTACKN may be asserted as shown, or may be asserted one 
clock cycle later. 
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Eachreceiveris quadruply buffered to minimize 
the potential of receiver overrun or to reduce in- 
terrupt overhead in interrupt driven systems. In 
addition, a flow control capability is provided to 
disable a remote DUART transmitter when the 
buffer of the receiving device is full. 


Also provided on the SCN68681 are a multipur- 
pose 6-bit input port and a multipurpose 8-bit 
outputport. These can be used as general pur- 
pose l/O ports or can be assigned specific func- 
tions (such as clock inputs or status/interrupt 
outputs) under program control. 


BLOCK DIAGRAM 

The SCN68681 DUART consists of the follow- 
ing eight major sections: data bus buffer, opera- 
tion control, interrupt control, — timing, 
communications Channels A and B, input port 
and output port. Refer to the Block Diagram. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data buses. It 
is controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and the DUART. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. It contains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. The DTACKN output is asserted 
during write and read cycles to indicate to the 
CPU that data has been latched on a write 
cycle, or that valid data is presenton the bus on 
a read cycle. 


interrupt Control 

A single active-Low interrupt output (INTRN) is 
provided which is activated upon the occur- 
rence of any of eight internal events. Asso- 
ciated with the interrupt system are the 
Interrupt Mask Register (IMR) and the Interrupt 
Status Register (ISR), the Auditary Control 
Register(ACR) and the Interrupt Vector Regis- 
ter (IVR). The IMR may be programmed to se- 
lect only certain conditions to cause INTRN to 
be asserted. The ISR can be read by the CPU 
to determine all currently active interrupting 
conditions. When IACKN is asserted, and the 
DUART has an interrupt pending, the DUART 
responds by placing the contents of the IVR 
regsiter on the data bus and asserting 
DTACKN. 


Outputs OP3-OP7 can be programmed to pro- 
vide discrete interrupt outputs for the transmit- 
ter, receivers, and counter/timer. 


Timing Circuits 
The timing block consists of a crystal oscillator, 


a baud rate generator, a programmable 16-bit 
counter/timer, and four clock selectors. The 
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crystal oscillator operates directly from acrystal 
connected across the X1/CLK and X2 inputs. 
If an external clock of the appropriate frequency 
is available, it may be connected to X1/CLK. 
The clock serves as the basic timing reference 
for the Baud Rate Generator (BRG), the coun- 
ter/timer, and other internal circuits. A clock 
signal within the limits specified in the specifica- 
tions section of this data sheet must always be 
supplied to the DUART. If an external is used 
instead of a crystal, X1 should be driven using 
a configuration similar to the one in Figure 7. 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4k 
baud. The clock outputs from the BRG are at 
16X the actual baud rate. The counter/timer 
can be used as a timer to produce a 16X clock 
for any other baud rate by counting down the 
crystal clock or an external clock. The four 
clock selectors allow the independent selec- 
tion, for each receiver and transmitter, of any of 
these baud rates or‘external timing signal. — 


The Counter/Timer (C/T) can be programmed 
to use one of several timing sources as its input. 
The output of the C/T is available to the the 
clock selectors and can also be programmed to 
be output at OP3. In the counter mode, the con- 
tents of the C/T can be read by the CPU and 
itcan be stopped and started under program 
control. In the timer mode, the C/T acts as a 
programmable divider. 


Communications 

Channels A and B 

Each communications channel of the 
SCN68681 comprises a full-duplex asynchro- 
nous receiver/transmitter (DUART). The oper- 
ating frequency for each receiver and 
transmittercan be selected independently from 
the baud rate generator, the counter timer, or 
from an external input. 


The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 
the appropriate start, stop, and optional parity 
bits and outputs a composite serial stream of 
data on the TxD output pin. The receiver ac- 
cepts serial data on the RxD pin, converts this 
serial input to parallel format, checks for start 
bit, stop bit, parity bit (ifany), or break condition 
and sends an assembled character to the CPU. 


The input port pulse detection circuitry uses a 
38.4kHz sampling clock derived from one of the 
baud rate generator taps. This results ina sam- 
pling period of slightly more than 25us (assum- 
ing that the clock input is 3.6864MHz). The 
detection circuitry, in order to guarantee a true 
change in level has occurred, requires that two 
successive samples at the new logic level be 
observed. As a consequence, the minimum 
duration of the signal change is 25us if the tran- 
sition occurs coincident with the first sample 
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pulse. The 50us time refers to the situation in 
which the change of state is just missed and the 
first change of state is not detected until 25us 
later. 


Input Port 

The inputs to this unlatched 6-bit port can be 
read by the CPU by performing a read opera- 
tion at address D16. A High input results ina 
logic 1 while a Low input results ina logic 0. D7 
will always read as a logic 1 and D6 will reflect 
the level of IACKN. The pins of this port can 
also serve as auxiliary inputs to certain portions 
fo the DUART logic. 


Four change-of-state detectors are provided 
which are associated with inputs IP3, |P2, IP1 
and !P0. A High-to-Low or Low-to-High trans- 
ition of these inputs, lasting longer than 25 - 
50ps, will set the corresponding bit in the input 
port change register.. The bits are cleared 
when the register is read by the CPU. Any 
change-of-state can also be programmed to 
generate an interrupt to the CPU. 


Output Port 

The 8-bit multipurpose output port can be used 
as a general purpose output port, in which case 
the outputs are the complements of the Output 
Port Register (OPR). OPR[n] = 1 results in 
OP[n] = Low and vice versa. Bits of the OPR 
can be individually set and reset. A bitis set by 
performing a write operation at address H’E’ 
with the accompanying data specifying the bits 
to be reset (1 = set, 0 = no change). Likewise, 
a bit is reset by a write at address H'F’ with the 
accompanying data specifying the bits to be re- 
set (1 = reset, 0 = no change). 


Outputs can be also individually assigned spe- 
cific functions by appropriate programming of 
the Channel A mode registers (MR1A, MR2A), 
the Channel B mode registers (MR1B, MR2B), 
and the Output Port Configuration Register 
(OPCR). 


OPERATION 


Transmitter 

The SCN68681 Is conditioned to transmit data 
when the transmitter is enabled through the 
commandregister. The SCN68681 indicates to 
the CPU thatit is ready to accept a character by 
setting the TxRDY bit in the status register. 
This condition can be programmed to generate 
an interrupt request at OP6 or OP7 and |INTRN. 
When a character is loaded into the Transmit 
Holding Register (THR), the above conditions 
are negated. Data is transferred from the hold- 
ing register to transmit shift register when it is 
idle or has completed transmission of the pre- 
vious character. The TxRDY conditions are 
then asserted again which means one full char- 
acter time of buffering is provided. Characters 
cannot be loaded into the THR while the trans- 


mitter is disabled. 
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The transmitter converts the parallel data from 
the CPU toa serial bit stream on the TxD output 
pin. It automatically sends a start bit followed 
by the programmed number of data bits, an op- 
tional parity bit, and the programmed number of 
stop bits. The least significant bit is sent first. 
Following the transmission of the stop bits, if a 
new character is not available in the THR, the 
TxD output remains High and the TxEMT bit in 
the Status Register (SR) will be set to 1. Trans- 
mission resumes and the TxEMT bit is cleared 
when the CPU loads a new character into the 
THR. If the transmitter is disabled, it continues 
operating until the character currently being 
transmitted is completely sent out. The trans- 
mitter can be forced to send a continuous Low 
condition by issuing a send break command. 


The transmitter can be reset through a software 
command. If it is reset, operation ceases im- 
mediately and the transmitter must be enabled 
through the command register before resuming 
operation. If CTS operation is enable, the 
CTSN input must be Low in order for the 
character to be transmitted. If it goes High in 
the middle of a transmission, the character in 
the shift register is transmitted and TxDA then 
remains in the marking state until CTSN goes 
Low. The transmitter can also control the deac- 
tivation of the RTSN output. If programmed, 
the RTSN output will be reset one bit time after 
the character in the transmit shift register and 
transmit holding register (if any) are completely 
transmitted, if the transmitter has been dis- 
abled. 


Receiver 

The SCN68681 is conditioned to receive data 
when enabled through the command register. 
The receiver looks for a _High-to-Low 
(mark-to-space) transition of the start bit on the 
RxD input pin. If a transition is detected, the 
state of the RxD pin is sampled each 16X clock 
for 7-1/2 clocks (16X clock mode) or at the next 
rising edge of the bit time clock (1X clock 
mode). If RxD is sampled High, the start bit is 
invalid and the search for a valid start bit begins 
again. If RxD is still Low, a valid start bit is as- 
sumed and the receiver continues to sample 
the input at one bit time intervals at the theoreti- 
cal center of the bit, until the proper number of 
data bits and parity bit (if any) have been as- 
sembled, and one stop bit has been detected. 
The least significant bit is received first. The 
data is then transferred to the Receive Holding 
Register (RHR) and the RxRDY bit in the SR is 
set to a 1. This condition can be programmed 
to generate an interrupt at OP4 or OP5 and 
INTRN. If the character length is less than 8 
bits, the most significant unused bits in the RHR 
are Set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. Howev- 
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er, ifa non-zero character was received without 
a Stop bit (framing error) and RxD remains Low 
for one half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new Start bit transition had been detected at 
that point (one-half bit time after the stop bit was 
sampled). 


The parity error, framing error, and overrun er- 
ror (if any) are strobed into the SR at the re- 
ceived character boundary, before the RxRDY 
status bit is set. If a break condition is detected 
(RxD is Low for the entire character including 
the stop bit), a character consisting of all zeros 
will be loaded into the RHR and the received 
break bit in the SR is set to 1. The RxD input 
must return to a High condition for at least 
one-half bit time before a search for the next 
Start bit begins. 


The RHR consists of a First-In-First-Out (FIFO) 
stack with a capacity of three characters. Data 
is loaded from the receive shift register into the 
topmost empty position of the FIFO. The 
RxRDY bitin the status register is set whenever 
one or more characters are available to be 
read, and a FFULL status bit is set if all three 
stack positions are filled with data. Either of 
these bits can be selected to cause an interrupt. 
A read of the RHR outputs the data at the top 
of the FIFO. After the read cycle, the data FIFO 
and its associated status bits (see below) are 
‘popped’ thus emptying a FIFO position for new 
data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are also appended to each data character in the 
FIFO (overrun is not). Status can be provided 
in two ways, as programmed by the error mode 
control bit in the mode register. In the ‘charac- 
ter’ mode, status is provided on a charac- 
ter-by-character basis; the status applies only 
to the character at the top of the FIFO. In the 
‘block’ mode, the status provided in the SR for 
these three bits is the logical-OR of the status 
for all characters coming to the top of the FIFO 
since the last ‘reset error’ command was is- 
sued. In either mode reading the SR does not 
affect the FIFO. The FIFO is ‘popped’ only 
when the RHRis read. Therefore the status re- 
gister should be read prior to reading the FIFO. 


If the FIFO is full when a new character is re- 
ceived, that character is held in the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exits, the contents of the FIFO are not affected; 
the character previously in the shift register is 
lost and the overrun error status bit (SR[4}) will 
be set-upon receipt of the start bit of the new 
(overrunning) character). 


The receiver can control the deactivation of 
RTS. If programmed to operate in this mode, 
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the RTSN output will be negated when a valid 
start bit was received and the FIFO is full. 
When a FIFO position becomes available, the 
RTSN output will be re-asserted automatically. 
This feature can be used to prevent an overrun, 
inthe receiver, by connecting the RTSN output 
to the CTSN input of the transmitting device. 


If the receiver is disabled, the FIFO characters 
canberead. However, no additional characters 
can be received until the receiver is enabled 
again. lf the receiver is reset, the FIFO and all 
of the receiver status, and the corresponding 
output ports and interrupt are reset. No addi- 
tional characters can be received until the re- 
ceiver is enabled again. 


Multidrop Mode 

The DUART is equipped with a wake up mode 
for multidrop applications. This mode is se- 
lected by programming bits MR1A[4:3] or 
MR1B[4:3] to ‘11’ for Channels A and B, respec- 
tively. In this mode of operation, a ‘master’ sta- 
tion transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, with receivers that are 
normally disabled, examine the received data 
stream and ‘wakeup’ the CPU (by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, and Ad- 
dress/Data (A/D) bit, and the programmed 
number of stop bits. The polarity of the 
transmitted A/D bit is selected by the CPU by 
programming bit MR1A(2)//MR1B[2]. 
MR1A[2]/MR1B[2] = 0 transmits a zero in the 
A/D bit position, which identifies the corre- 
sponding data bits as data while 
MR1A([2]/MR1B[2] = 1 transmits a one in the 
A/D bit position, which identifies the corre- 
sponding data bits as an address. The CPU 
should program the mode register prior to load- 
ing the corresponding data bits into the THR. 


In this mode, the receiver continuously looks at 
the received data stream, whether itis enabled 
or disabled. If disabled, it sets the RxRDY sta- 
tus bit and loads the character into the RHR 
FIFO if the received A/D bit is a one (address 
tag), but discards the received character if the 
receivedA/D bitis azero (data tag). If enabled, 
all received characters are transferred to the 
CPU via the RHR. In either case, the data bits 
are loaded into the data FIFO while the A/D bit 
is loaded into the status FIFO position normally 
used for parity error (SRA[5] or SRB[5]). Fram- 
ing error, overrun error, and break detect oper- 
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ate normally whether or not the receive is 
enabled. 


PROGRAMMING 

The operation of the DUART is programmed by 
_ writing control words into the appropriate regis- 
ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
The addressing of the registers is described in 
Table 1. 


The contents of certain control registers are ini- 
tialized to zeroon RESET. Care should be ex- 
ercisedif the contents of aregister are changed 
during operation, since certain changes may 


Table 1. 


’ cause operational problems. 


For example, changing the number of bits per 
character while the transmitter is active may 
cause the transmission of an incorrect charac- 
ter. In general, the contents of the MR, the 
CSR, and the OPCR should only be changed 
while the receiver(s) and transmitter(s) are not 
enabled, and certain changes to the ACR 
should only be made while the C/T is stopped. 


Mode registers 1 and 2 of each channel are ac- 
cessed via independent auxiliary pointers. The 
pointer is set to MR1x by RESET or by issuing 
a ‘reset pointer’ command via the correspond- 


ing command register. Any read or write of the 
mode register while the pointer is at MR1x, 
switches the pointer to MR2x. The pointer then 
remains at MRex, so that subsequent accesses 
are always to MR2x unless the pointer is reset 
to MR1x as described above. 


Mode, command, clock select, and status re- 
gisters are duplicated for each channel to pro- 
vide total independent operation and control. 
Refer to Table 2 for register bit descriptions. 
The reserved registers at addresses H'02’ and 
H'OA’ should never be read during normal op- 
eration since they are reserved for internal 
diagnostics. 


SCN68681 Register Addressing 


| AL | READ (R/WN = 1) ' WRITE (R/WN = 0) 





a st oor ost or QTC OOOCOCO 


=H 39002420 0=400-=00 


0 
0 
0 
0 
1 
1 
1. 
1 
0 
0 
0 
0 
1 
1 
1 
1 


MR1A — Channel A Mode 

Register 1 

MRI1A is accessed when the Channel A MR 
pointer points to MR1. The pointer is setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRA. After reading or writing 
MRI1A, the pointer will point to MR2A. 


MR1A[7] — Channel A Receiver 
Request-to-Send Control 

This bit controls the deactivation of the RTSAN 
output(OPO) by the receiver. This outputis nor- 
mally asserted by setting OPR[0] and negated 
by resetting OPR[O}. MR1A[7] = 1 causes 
RTSAN to be negated upon receipt of a valid 
start bit if the Channel A FIFO is full. However, 
OPR[0]is not reset and RTSAN will be asserted 
again when an empty FIFO position is avail- 
able. This feature can be used for flow control 
to prevent overrun in the receiver by using the 
RTSAN output signal to control the CTSN input 
of the transmitting device. 


MR1A[6] — Channel A Receiver 

Interrupt Select 

This bit selects either the Channel A receiver 
ready status (RxRDY) or the Channel A FIFO 
full status (FFULL) to be used for CPU inter- 
rupts. It also causes the selected bit to be out- 
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Mode Register A (MR1A, MR2A) 
Status Register A (SRA) 
*“Reserved* 

Rx Holding Register A (RHRA) 
Input Port Change Register (IPCR) 
Interrupt Status Register (ISR) 
Counter/Timer Upper (CTU) 
Counter/Timer Lower (CTL) 
Mode Register B (MR1B, MR2B) 
Status Register B (SRB) 
*Reserved* 

Rx Holding Register B (RHRB) 
Interrupt Vector Register (IVR) 
Input Port 

Start Counter Command 

Stop Counter Command 





put on OP4 if it is programmed as an interrupt 
output via the OPCR. 


MR1A[5] — Channel A 

Error Mode Select 

This bit select the operating mode of the three 
FIFOed status bits (FE, PE, received break) for 
Channel A. In the ‘character’ mode, status is 
provided on a character-by-character basis: 
the status applies only to the character at the 
top of the FIFO. In the ‘block” mode, the status 
provided in the SR for these bits is the accumu- 
lation (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the last 
‘reset error’ command for Channel A was is- 
sued. 


MR1A[4:3| - Channel A Parity Mode Select 
If ‘with parity’ or ‘force parity’ is selected a parity 
bit is added to the transmitted character and the 
receiver performs a parity check on incoming 
data MR1A[4:3] = 11 selects Channel A to oper- 
ate in the special multidrop mode described in 
the Operation section. 


MR1A[2] — Channel A Parity Type Select 

This bit selects the parity type (odd or even) if 
the ‘with parity’ mode is programmed by 
MR1A[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. It 
has no effect if the ‘no parity’ mode is pro- 
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Mode Register A (MR1A, MR2A) 
Clock Select Register A (CSRA) 
Command Register A (CRA) 

Tx Holding Register A (THRA) 
Aux. Control Register (ACR) 
Interrupt Mask Register (IMR) 
C/T Upper Register (CRUR) 

C/T Lower Register (CTLR) 
Mode Register B (MR1B, MR2B) 
Clock Select Register B (CSRB) 
Command Register B (CRB) 

Tx Holding Register B (THRB) 
Interrupt Vector Register (IVR) 
Output Port Conf. Register (OPCR) 
Set Output Port Bits Command 
Reset Output Port Bits Command 


grammed. In the special multidrop mode it se- 
lects the polarity of the A/D bit. 


MR1A[1:0] - Channel A Bits Per Character 
Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, par- 
ity, and stop bits. 


MR2A — Channel A Mode 


Register 2 

MR2A is accessed when the Channel A MR 
pointer points to MR2, which occurs after any 
access to MR1A. Accesses to MR2A do not 
change the pointer. 


MR2A[7:6] — Channel A Mode 

Select 

Each channel of the DUART can operate in one 

of four modes. MR2A[7:6] = 00 is the normal 

mode, with the transmitter and receiver operat- 

ing independently. MR2A[7:6] = 01 places the 

channel in the automatic echo mode, which au- 

tomatically retransmits the received data. The 

following conditions are true while in automatic 

echo mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 
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3. The receiver must be enabled, but the 
transmitter need not be enabled. 


4. The Channel A TxRDY and TxEMT status 
bits are inactive. 


5. The received parity is checked, but is not 
regenerated for transmission, i.e. trans- 
mitted parity bit is as received. 


6. Character framing is checked, but the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 


8. CPU to receiver communication continues 
normally, but the CPU to transmitter link is 
disabled. 


Two diagnostic modes can also be configured. 

MR2A|7:6] = 10 selects local loopback mode. 

In this mode: 

1. The transmitter output is internally con- 
nected to the receiver input. 


2. The transmit clock is used for the receiv- 
er. 


3. The TxDA output is held High. 
4. The RxDA input is ignored. 


5. The transmitter must be enabled, but the 
receiver need not be enabled. 


6. CPU to transmitter and receiver communi- 
cations continue normally. 


The second diagnostic mode is the remote 

loopback mode, selected by MR2A[7:6] = 11. 

In this mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 


3. Received data is not sent to the local 
CPU, and the error status conditions are 
inactive. 


4. The received parity is not checked and is 
not regenerated for transmission, i.e., 
transmitted parity is as received. 


5. The receiver must be enabled. 


6. Character framing is not checked, and the 
stop bits are retransmitted as received. 
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7. Areceived break is echoed as received 
until the next valid start bit is detected. 


The user must exercise care when switching 
into and out of the various modes. The se- 
lected mode will be activated immediately upon 
mode selection, even if this occurs in the middle 
of a received or transmitted character. Like- 
wise, if a mode is deselected the device will 
switch out of the mode immediately. An excep- 
tion to this is switching out of autoecho or re- 
mote loopback modes: if the de-selection 
occurs just after the receiver has sampled the 
stop bit (indicated in autoecho by assertion of 
RxRDY), and the transmitter is enabled, the 
transmitter will remain in autoecho mode until 
the entire stop has been re-transmitted. 


MR2A[5] — Channel A Transmitter Re- 
quest-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the transmitter. This output is 
normally. asserted by setting OPR[0O] and ne- 
gated by resetting OPR[0]. MR2A[5] = 1 
caused OPR(0] to be reset automatically one 
bit time after the characters in the Channel A 
transmit shift register and in the THR, if any, are 
completely transmitted including the pro- 
grammed number of stop bits, if the transmitter 
is notenabled. This feature can be used to au- 
tomatically terminate the transmission of a 
message as follows: 

1. Program auto-reset mode: MR2A[5] = 1. 


2. Enable transmitter. 

3. Asset RTSAN: OPR{0} = 1. 
4. Send message. 
5 


. Verify the message is sent by waiting until 
the transmit ready status (TxRDY) is as-_ 
serted. Disable transmitter after the last 
character Is loaded into the Channel A 
THR. 


6. The last character will be transmitted and 
OPR(0] will be reset one bit time after the 
last stop bit, causing RTSAN to be ne- 
gated. 


MR2A[4] - Channel A Clear-to-Send 
Control 

If this bitisO, CTSAN has no effect on the trans- 
mitter. If this bit is a 1, the transmitter checks 
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the state of CTSAN (IPO) each time it is ready 
to sendacharacter. If |POis asserted (Low), the 
character is transmitted. If itis negated (High), 
the TxDA output remains in the marking state 
and the transmission is delayed until CTSAN 


goes low. Changes in CTSAN while a character 


is being transmitted do not affect the transmis- 
sion of that character. 


MR2A(3:0] — Channel A Stop Bit Length 
Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 1-9/16 to 2 bits, inincre- 
ments of 1/16 bit, can be programmed for char- 
acter lengths of 6, 7, and 8 bits. For acharacter 
lengths of 5 bits, 1-1/16 to 2 stop bits can be pro- 
grammedin increments of 1/16 bit. The receiv- 
er only checks for a ‘mark’ condition at the: 
center of the first stop bit position (one bit time 
after the last data bit, or after the parity bit is en- 
abled), in all cases. 


If an external 1X clock is used for the transmit- 
ter, MR2A[3] = O selects one stop bit and 
MR2A[3] = 1 selects two stop bits to be 
transmitted. 


MR1B — Channel B Mode 


~ Register 1 


MR1B is accessed when the Channel B MR 
pointer points to MR1. The pointeris setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRB. After reading or writing 
MR1B, the pointer will point to MR2B. 


The bit definitions for this register are identical 
to MR1A, except that all control actions apply 
to the Channel B receiver and transmitter and 
the corresponding inputs and outputs. 


MR2B — Channel B Mode 


Register 2 


MR2B is accessed when the Channel B MR 
pointer points to MR2, which occurs after any 
access to MR1B. Accesses to MR2B do not 
change the pointer. 


The bit definitions for mode register are identi- 
cal to the bit definitions for MR2A, except that 
all control actions apply to the Channel B re- 
ceiver and transmitter and the corresponding 
inputs and outputs. 
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Table 2. Register Bit Formats og , 


BIT 7 BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


~ RxRTS RxINT - ERROR ) PARITY ITS PER 
CONTROL SELECT MODE PARITY. MODE TYPE CHARACTER 


0 = RxRDY O=Char . 00 = With Parity 
1 = FFULL 1 = Block 01-= Force Parity 
10 = No Parity 
11 = Multidrop Mode 





BIT7 BIT 6 BIT5  «BIT4 BIT 3 BIT 2 BIT 1 BIT 0 


TxRTS CTS . ¢ | 
CHANNEL MODE CONTROL ENABLE Tx STOP BIT LENGTH 


00 = Normal 
01 = Auto-Echo 

10 = Local loop 

11 = Remote loop 





nou Wood 
mmMoO 
Houonw wt 


DWProen 


NOTE: 
*Add 0.5 to values shown for 0 - 7 if channel is programmed for 5 bits/char. 














BIT 7 BIT 6 - BITS BIT 4 BIT 3 BIT 2 BIT 1 


| RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT 


BIT7 BIT 6 BITS BIT 4 BIT 2 BITO 
MISCELLANEOUS COMMANDS DISABLE Tx | ENABLETx } DISABLERx | ENABLE Rx 


. See Text | 0 =No 0 =No 0 = No 0=No 
: ; 1 = Yes 1 = Yes 1 = Yes 1 = Yes 


BIT7 BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


RECEIVED | FRAMING PARITY | OVERRUN | 
| BREAK ERROR® —ERROR* ERROR TxEMT TxRDY _ FFULL RxRDY 


0=No 0=No 0=No 0=No 0 =No 0=No 0 = No 0 =No 
1 = Yes 1 = Yes 1 = Yes -1= Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 






BIT 0 




























NOTE: = 
“ These status bits are appended to the corresponding data character in the receive FIFO. A read of the status provides these bits (7:5) from 
the top of the FIFO together with bits (4:0). These bits are cleared by a “reset error status” command. In character mode they are discarded 


when the corresponding data character is read from the FIFO. 


BIT 7. BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
es gk Oe ie OU ee ne 


OPCR 0=OPRI7] | 0=OPR[6] | 0=OPRI5] ~ 00 = OPRI3] 11 = OPR[2] 
1=TxRDYB | 1=TxRDYA | 1 = RxRDY/ 01 = C/T OUTPUT 01 = TxCA(16x) 
FFULLB 10 = TxCB(1x) 10 = TxCA(1x) 
11 = RxCB(1x) 11 = RxCA(1x) 


BIT 7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA 
SELECT MODE AND SOURCE IP3 INT IP2 INT IP1 INT IPO INT 
ACR 0 = set 1 See Table 4 0 = Off 0 = Off 0 = Off 0 = Off 
1=set2 Cova’. 1=On 1=On 1=On 1=On 
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Table 2. Register Bit Formats (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


DELTA DELTA DELTA DELTA 
IP3 IP2 IP1 IPO 


IPCR 0=No 0=No 0=No O0=No 0 = Low 0 = Low 0 = Low 0 = Low 


1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = High 1 = High 1 = High 1 = High 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT O 
1=On 1=On 1=On 1=On 1=On 1=On 1=On 1=On 

















































DELTA RxRDY/ COUNTER DELTA RxRDY/ 
BREAK B FFULLB TxRDYB READY BREAK A FFULLA TxRDYA 
IN. PORT RxRDY/ TyRDYB | COUNTER RxRDY/ Scanve 


0=No 0=No 0=No 0=No 0 =No 0 =No 0=No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 
CHANGE FFULLB READY FFULLA 
INT INT INT INT 





INT INT 
0 = Off 0 = Off 0 = Off 0 = Off OO « 













BIT 7 BIT O 


C/T[15] C/T[14] C/T[13] C/T[12] C/T[11] C/T[10] C/T[9] C/T[8] 


crt} CIT{6] C/T[5] CT[4] C3] CT[2] CATT] CTO] 


IVRI7] IVR{6] IVR[5] IVR[4] IVR[3] IVR[2] IVR[1] IVR[O] 


CSRA — Channel A Clock Select Table 3. Baud Rate CSRB — Channel B Clock Select 
Register Clock = 3.6864 MHz Register 


Baud Rate 
CSRA[7:4] | ACR[7]=0 | ACR[7] =1 


50 
110 









































CSRA[7:4] — Channel A Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel A receiver. The field definition is 


CSRB[7:4] - Channel B Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel B receiver. The field definition is as 
























shown in Table 3. oa shown in Table 3, except as follows: 
300 Baud Rate 
CSRA[3:0] — Channel A Transmitter Clock 600 CSRB[7:4] ACR[7] =0 ACRIT| =1 
Select 1,200 Zo 
This field selects the baud rate clock for the 1,050 1110 IP2-16X [P2-16X 
Channel A transmitter. The field definition is as 2,400 1111 IP2-1X IP2-1X 
shown in Table 3, except as follows: 4,800 
. Baud Rate a The receiver clock is always a 16X clock except 
CSRA[3:0] ACR[7]=0 ACR[7] =1 38 4k for CSRB[7:4] = 1111. 
1110 IP3-16X IP3-16X Timer 
1114 IP3-1X |P3-1X IP4-16X 
IP4-1X 

The transmitter clock is always a 16X clockex- NOTE: The receiver clock is always a 16X 
cept for CSR[3:0] = 1111. clock except for CSRA[7:4] = 1111. 
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CSRB[3:0] — Channel B Transmitter Clock 


Select 
This field selects. the baud rate clock for the 


Channel B transmitter. The field definition is as . 


shown in Table 3, except as follows: 


Baud Rate 

CSRB[3:0] ACR[7]=0 ACR{[7] =1 

1110 IP5-16X IP5-16X 
1111 IP5-1X IP5-1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[3:0] = 1111. 


CRA — Channel A Command 
Register 

CRA is a register used to supply commands to 
Channel A. Multiple commands can be speci- 
fied in a single write to CRA as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 


cannot be specified in a single command word. 


CRA[6:4] — Miscellaneous Commands 
The encoded value of this field may be used to 
specify a single command as follows: 


CRA[6:4] COMMAND 
000 Nocommand. 
001 Reset MR pointer. Causes the Channel 


A MR pointer to point to MR1. 

Reset receiver. Resets the Channel A 

receiver as if a hardware reset had been 

applied. The receiver is disabled and 
the FIFO is flushed. 

011 Reset transmitter. Resets the Channel 

A transmitter as if a hardware reset had 

been applied. 

Reset error status. Clears the Channel 

A Received Break, Parity Error, and 

Overrun Error bits in the status register 

(SRA[7:4]). Used in character mode to 

clear OE status (although RB, PE and 

FE bits will also be cleared) and in block 

mode to clear all error status after a 

block of data has been received. 

101. Reset Channel A break change inter- 
rupt. Causes the Channel A break de- 
tect change bit in the interrupt status 
register (ISR[2]) to be cleared to zero. 

110 Start break. Forces the TxDA output 
Low (spacing). If the transmitter is 
empty the start of the break condition will 
be delayed up to two bit times. If the 
transmitter is active the break begins 
when transmission of the character. is 
completed. Ifa character is in the THR, 
the start of the break will be delayed until 
that character, or any. other loaded 
subsequently are transmitted. The 
transmitter must be enabled for this 
command to be accepted. 

111. Stop break. The TxDA line will go High 
(marking) within two bit times. TxDA will 
remain High for one bit time before the 
next character, if any, is transmitted. 


010 
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CRA[3] — Disable Channel A | 
Transmitter 
This command terminates transmitter opera- 


tion and reset the TxDRY and TxEMT status © 


bits. However, if a character is being trans- 
mitted or if a character is in the THR when the 
transmitter is disabled, the transmission of the 
character(s) is completed before assuming the 
inactive state. 


CRA[2] — Enable Channel A 

Transmitter 

Enables operation of the Channel A transmitter. 
The TxRDY status bit will be asserted. 


CRA[1] — Disable Channel A Receiver 

This command terminates operation of the re- 
ceiver immediately — a character being re- 
ceived will be lost. The command has no effect 
on the receiver status bits or any other control 
registers. If the special multidrop mode is pro- 
grammed, the receiver operates even if itis dis- 
abled. See Operation section. 


CRA[0] - Enable Channel A Receiver 
Enables operation of the Channel A receiver. 
If not in the special wakeup mode, this also 
forces the receiver into the search for start-bit 
State. 


CRB —- Channel B Command 


Register 

CRB is a register used to supply commands to 
Channel B. Multiple commands can be speci- 
fied in a single write to CRB as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


The bit definitions for this register are identical 
to the bitdefinitions for CRA, except that all con- 
trol actions apply to the Channel B receiver and 
transmitter and the corresponding inputs and 
outputs., 


SRA — Channel A Status 
Register 


SRA[7] — Channel A Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received further en- 
tries to the FIFO are inhibited until the RxDA 
line to the marking state for at least one-half a 
bit time (two successive edges ofthe internal or 
external 1X clock). 


When this bit is set, the Channel A ‘change in 
break’ bit in the ISR (ISR[2]) is set. ISR[2] is 
also set when the end of the break condition, as 
defined above, is detected. 


The break detect circuitry can detect breaks 
that originate in the middle of a received char- 
acter. However, if a break begins in the middle 
of a character, it must persist until at least the 
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end of the next character time in order for it to 
be detected. 


SRA[6] - Channel A Framing Error 

This bit, when set, indicates that a stop bit was 
not detected when the. corresponding data 
character ‘in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 


SRA[5] —- Channel A Parity Error 

This bitis set when the ‘with parity’ or ‘force par- 
ity’ mode is programmed and the correspond- 
ing character in the FIFO was received with 
incorrect parity. 


In the special multidrop mode the parity error bit 
stores the receive A/D bit. 


SRA[4] — Channel A Overrun Error 

This bit, when set, indicates that one or more 
characters in the received data stream have 
been lost. Itis setupon receipt of anew charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for'an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. 


This bit is cleared by a ‘reset error status’ com- 
mand. 


SRA[3] — Channel A Transmitter Empty 
(TxEMTA) 

This bit willbe set when the Channel A transmit- 
ter underruns; i.e., both the Transmit Holding 
Register (THR) and the transmit shift register 
are empfy. Itis set after transmission of the last 
stop bit of a character if no character is in the 
THR awaiting transmission. Itis resetwhen the 
THR is loaded by the CPU orwhen the transmit- 
ter is disabled. 


SRA[2] - Channel A Transmitter Ready 
(TxRDYA) 

This bit, when set, indicates that the THR is. 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
the CPU and is set when the character is trans- 
ferred to the transmit shift register. TxRDY is 
resetwhen the transmitter is disabled and is set 
when the transmitter is first enabled, viz., char- 
acters loaded into the THR while the transmitter 
is disabled will not be transmitted. 


SRA[1] — Channel A FIFO Full (FFULLA) 
This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
ifacharacter is waiting in the receive shift regis- 
ter because the FIFO is full, FFULL will not be 
reset when the CPU reads the RHR. 
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SRA[0] - Channel A Receiver Ready 
(RxRDYA) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. It is set when the character is trans- 
ferred from the receive shift to the FIFO and re- 
set when the CPU reads the RHR, if after this 
read there are not more characters still in the 
FIFO. 


SRB - Channel B Status 

Register 

The bit definitions for this register are identical 
to the bit definitions for SRA, except that all sta- 
tus applies to the Channel Breceiver andtrans- 
mitter and the corresponding inputs and 
outputs. 


OPCR — Output Port 
Configuration Register 


OPCR[7] — OP7 Output Select 

This bit programs the OP7 output to provide 
one of the following: 

— The complement of OPR[7]. 


— The Channel B transmitter interrupt output 
which is the complement of TxRDYB. 
When in this mode OP7 acts as an open- 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[6] — OP6 Output Select 

This bit programs the OP6 output to provide 
one of the following: 

— The complement of OPR{[6]. 


— The Channel A transmitter interrupt output 
which is the complement of TxRDYA. 
When in this mode OP6 acts as an open- 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[5] — OP5 Output Select 

This bit programs the OP5 output to provide 
one of the following: 

— The complement of OPR{5]. 


~— The Channel B transmitter interrupt output 
which is the complement of ISR[5]. When 
in this mode OP5 acts as an open-drain 
output. Note that this output is not masked 
by the contents of the IMR. . 


OPCR[4] — OP4 Output Select 

This field programs the OP4 output to provide 
one of the following: 

— The complement of OPR[4]. 


— The Channel A receiver interrupt output 
which is the complement of ISR[1]. When 
in this mode OP4 acts as an open-drain 
output. Note that this output is not 
masked by the contents of the IMR. 
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OPCR[3:2] — OP3 Output Select 

This bit programs the OP3 output to provide 
one of the following: 

— The complement of OPR{3]. 


— The counter/timer output, in which case 
OP3 acts as an open-drain output. In the 
timer mode, this output is a square wave at 
the programmed frequency. In the counter 
mode, the output remains High until termi- 
nal count is reached, at which time it goes 
Low. The output returns to the High state 
when the counter is stopped by a stop 
counter command. Note that this output is 
not masked by the contents of the IMR. 


— The 1X clock for the Channel B transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 


— The 1X clock for the Channel B receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


OPCR{[1:0] — OP2 Output Select 

This field programs the OP2 output to provide 
one of the following: 

— The complement of OPR[2]. 


— The 16X clock for the Channel A transmit- 
ter. This is the clock selected by 
CSRAJ[3:0], and will be a 1X clock if 
CSRAJ[3:0] = 1111. 


— The 1X clock for the Channel A transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 


— The 1X clock for the Channel A receiver, 
which is the clock that samples the re- 
ceived data. |f data is not being received, 
a free running 1X clock is output. 


ACR ~— Auxiliary Control 
Register 


ACR[7] — Baud Rate Generator Set Select 
This bit selects one of two sets of baud rates to 
be generated by the BRG: 

Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

75, 110, 134.5, 150, 300, 600, 1.2k, 
1.8k, 2.0k, 2.4k, 4.8k, 9.6k, and 
19.2k baud. 


Set 2: 


The selected set of rates is available for use by 


' the Channel A and B receivers and transmitters 


as described in CSRA and CSRB. Baud rate 
generator characteristics are given in Table 4. 
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Bit Rate Generator 
Characteristics 
Crystal or Clock = 
3.6864MHz 


ACTUAL 
16x CLOCK 
(kHz) 


Table 4. 


NORMAL 
RATE 
(BAUD) 


ERROR (%) 





NOTE: 
Duty cycle of 16x clock is 50% + 1%. 


ACR[6:4] — Counter/Timer Mode And 
Clock Source Select 

This field selects the operating mode of the 
counter/timer and its clock source as shown in 
Table 5. 


Table 5. ACR 6:4 Field 


Definition 


ACR 
[6:4] | MODE | CLOCK SOURCE 


Counter | External (IP2)* 
Counter | TxCA — 1x clock of 
Channel A transmitter 
TxCB — 1x clock of 
Channel B transmitter 
Crystal or external clock 
(x1/CLK) divided by 16 
External (IP2)* 
External (IP2) divided 
by 16° 

Crystal or external clock 
(X1/CLK) 

Crystal or external clock 
(X1/CLK) divided by 16 





















Counter 










Counter 
















Timer 
Timer 










Timer 










Timer 





NOTE: 


* 


In these modes, the Channel B receiver 
clock should normally be generated from 
the baud rate generator. 


ACR[3:0] — IP3, IP2, IP1, IPO 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register (ISR[7]) to be 
set. Ifa bit is in the ‘on’ state the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. If a bit 
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is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7] — IP3, IP2, IP1, IPO 
Change-of-State : 
These bits are set when a change-of-state, as 
defined in the input port section of this data 
sheet, occurs at the respective input pins. They 
are cleared when the IPCR is read by the CPU. 
A read of the IPCR also clears ISR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to 
generate an interrupt to the CPU. 


IPCR([3:0] — (P3, IP2, IP1, IPO 

Current State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the input pins at the 
time the IPCR is read. 


ISR — Interrupt Status Register 
This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the Interrupt Mask Register 
(IMR). If a bit in the ISR is a‘1' and the corre- 
sponding bit in the IMR is also a ‘1’, the INTRN 
output will be asserted (Low). If the corre- 
sponding bit in the IMR is a zero, the state of 
the bit in the ISR has no effect on the INTRN 
output. Note that the IMR does not mask the 
reading of the ISR — the true status will be pro- 
vided regardless of the contents of the IMR. 
The contents of this register are initialized to 
001g when the DUART is reset. 


ISR[7] — Input Port Change Status 

This bit is a‘1' when a change-of-state has oc- 
curred at the IPO, IP1, IP2, or IP3 inputs and 
that event has been selected to cause an inter- 
rupt by the programming of ACR[3:0]. The bit 
is cleared when the CPU reads the IPCR. 


ISR[6] - Channel B Change In Break 
This bit, when set, indicates that the Channel B 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel B ‘reset break change inter- 
rupt' command. 


ISR[5] — Channel B Receiver Ready 

or FIFO Full — 

The function of this bit is programmed by 
MR1B[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel B andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
If after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis set when a characteris transferred from the 
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receive holding register to thereceive FIFO and 
the transfer caused the Channel B FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
If acharacter is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the waiting character is loaded into 
the FIFO. 


_ISR[4] - Channel B Transmitter Ready 


This bit is ‘a duplicate of T<RDYB (SRB[2}). 


ISR[3] —- Counter Ready. 

In the counter mode, this bit is set when the 
counter reaches terminal count and is reset 
when the counter is stopped by a stop counter 
command. 


In the timer mode, this bitis set once each cycle 
of the generated square wave (every other time 
thatthe counter/timer reaches zerocount). The 
bit is reset by a stop counter command. The 
command, however, does not stop the counter/ 
timer. " 


ISR[2] —- Channel A Change in Break 


This bit, when set, indicates that the Channel A 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel A ‘reset break change inter- 
rupt’ command. 


ISR[1] — Channel A Receiver Ready Or 
FIFO Full 

The function of this bit is programmed by 
MR1AJ6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel A andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU read the RHR. 
If after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis setwhen a character is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel A FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. Itis resetwhen the CPU reads the RHR. 
Ifacharacter is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 


_ again when the ISR[0] and IMR waiting charac- 


ter is loaded into the FIFO. 


ISR[0] —- Channel A Transmitter Ready 
This bit is a duplicate of TXRDYA (SRA[2]). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR causes an interrupt output. Ifa 
bit in the ISR is a ‘1' and the corresponding bit 
in the IMR is also a‘1’ the INTRN output will be 
asserted. Ifthe corresponding bitin the IMR is 
a zero, the state of the bit in the ISR has no ef- 
fect on the INTRN output. Note that the IMR 


does notmask the programmable interrupt out- 


puts OP3-OP7 or the reading of the ISR. 
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CTUR and CTLR — Counter/Timer 


Registers 

The CTUR and CTLR hold the eight MSBs and 
eight LSBs, respectively, of the value to be 
used by the counter/timer in either the counter 
or timer modes of operation. The minimum va- 
lue which may be loaded into the CTUR/CTLR 
registers is 00021.¢. Note that these registers 
are write-only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
C/T generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR and CTLR is 
changed, the current half-period will not be af- 
fected, but subsequent half periods will be. In 
this mode the C/T runs continuously. Receipt 
of a start counter command (read with A4-A1) 
= 1110) causes the counter to terminate the cur- 
rent timing cycle and to begin anew cycle using 
the values in CTUR and CTLR. The counter 
ready status bit (ISR[3]) is set once each cycle 
of the square wave. The bit is reset by a stop 
counter command (read with A4-A1 = 1111). 
The command, however, does not stop the C/T. 
The generated square wave is output on OP3 
if itis programmed to be the C/T output. 


On power-up and after reset, the counter/timer 
runs in timer mode and can only be restarted. 
Because it cannot be shut off or stopped, and 
runs continuously in timer mode, it is recom- 
mended that at initialization, the output port, 
OP3, should be masked off through the 
OPCR{3:2} = 00 until the C/T is programmed to 
the desired operational state. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR and CTLR 
by the CPU. Counting begins upon receipt of 
a start counter command. Upon reaching ter- 
minal count 00004., the counter ready interrupt 
bit (ISR[3]) is set. The counter continues count- 
ing past the terminal count until stopped by the 
CPU. If OP3 is programmed to be the output 
of the C/T, the output remains High until termi- 
nal count is reached, at which time it goes Low. 
The output returns to the High state and ISR[3] 
is cleared when the counter is stopped by a stop 
counter command. The CPU may change the 
values of CTUR and CTLR at any time, but the 
new count becomes effective only on the next 
start counter commands. If new values have 
not been loaded, the previous count values are 
preserved and used for the next count cycle 


In the counter mode, the current value of the up- 
per and lower 8 bits of the counter (CTU, CTL) 
may be read by the CPU. It is recommended 
that the counter be stopped when reading to 
prevent potential problems which may occur if 
a carry from the lower 8 bits to the upper 8 bits 
occurs between the times that both halves of 
the counter are read. However, note thata sub- 
sequent start counter command will cause the 
counter to begin anew countcycle using the va- 
lues in CTUR and CTLR. 
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IVR — Interrupt Vector Register contents of the register are placed on the data 
This register contains the interrupt vector. The | bus when the DUART responds to a valid inter- 


register is initialized to HOF’ by RESET. The ‘"Upt acknowledge cycle. 


RESETN 


tRES 


Figure 1. Reset Timing 
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Figure 2. Bus Timing (Read Cycle) 
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Figure 4. Interrupt Cycle Timing 
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OLD DATA NEW DATA 


Figure 5. Port Timing 


CSN 
(READ OR 
WRITE) 


INTERRUPT' 
OUTPUT 


NOTES: 
1. INTRN or OP3 — OP7 when used as interrupt outputs. 


2. The test for open drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from themidpoint of the switching signal, Vy, toa 
point 0.5 volts above VQ. This point represents noise margin that assures true switching has occurred. Beyond this level, the effects of external circuitry and test environment are pronounced 
and can greatly affect the resultant measurement. 


Figure 6. Interrupt Timing 
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Figure 7. Clock Timing 
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Figure 10. Transmitter Timing 
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Figure 12. Wake-Up Mode 
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DESCRIPTION 

The Signetics SCC2691 Universal 
Asynchronous Receiver/Transmitter 
(UART) is a single-chip CMOS-LSI 
communications device that provides 

a full-duplex asynchronous 
receiverftransmitter. It is fabricated with 
Signetics CMOS technology which 
combines the benefits of high density 
and low power consumption. 


The operating speed of the receiver and 
transmitter can be selected 
independently as one of 18 fixed baud 
rates, a 16X clock derived from a 
programmable counterAimer, or an 
external 1X or 16X clock. The baud rate 
generator and counter/timer can operate 
directly from a crystal or from external 
clock inputs. The ability to independently 
program the operating speed of the 
receiver and transmitter make the UART 
particularly attractive for dual-speed 
channel applications such as clustered 
terminal systems. 


The receiver is quadruple buffered to 
minimize the potential of receiver 
overrun or to reduce interrupt overhead 
in interrupt driven systems. In addition, a 
handshaking capability is provided to 
disable a remote UART transmitter 
when the receiver buffer is full. 


The UART provides a power-down 
mode in which the oscillator is frozen but 
the register contents are stored. This 
results in reduced power consumption - 
on the order of several magnitudes. 


The UART is fully TTL compatible and 
operates from a single +5V power 
supply. . 


SCC2691 


Universal asynchronous 
receiver/transmitter (UART) 


FEATURES 
@ Full-duplex asynchronous 
receiverAtransmitter 
® Quadruple buffered receiver data 
register 7 
@ Programmable data format: 
— 5 to 8 data bits plus parity 
~— Odd, even, no parity or force parity 


— 1, 1.5 or 2 stop bits programmable 
in 1/16-bit increments 


e Baud rate for the receiver and 
transmitter selectable from: 


— 18 fixed rates: 50 to 38.4K baud 


— One user-defined rate derived from 
programmable timer/ counter 


— External 1X or 16X clock 
@ Parity, framing, and overrun detection 
@ False start bit detection 
@ Line break detection and generation 


® Programmable channel mode 
— Normal (full-duplex) 
— Automatic echo 
— Local loopback 
— Remote Loopback 


® Multi-function programmable 16-bit 
counter/timer 


®@ Single interrupt output with seven 
maskable interrupting conditions 


® On-chip crystal oscillator 
@ Low power mode 

e TTL compatible 

® Single +5V power supply 
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® Commercial (0°C to +70°C) and 
industrial (-40°C to +85°C) © 
temperature versions available 

® SOL, PLCC and 300 mil wide DIP 
packages available 


PIN CONFIGURATIONS 


N24 

AND 

D24 
PACKAGES 


1 | 
O 


A28 
PACKAGE 


2 
3 


Symboi Symbol 


GND 
INTRN 


OONDNS WN 
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ORDERING INFORMATION 


BLOCK DIAGRAM 
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PIN DESCRIPTION 


MNEMONIC | PINNO. _—‘| ‘TYPE . s NAME AND FUNCTION 





Data Bus: Active-high 8-bit bidirectional 3-State data bus. Bit 0 is the LSB and bit 7 is the MSB. 
All data, command, and status transfers between the CPU and the UART take place over this 
‘| bus. The direction of the transfer is controlled by the WRN and RDN inputs when the CEN input 
is low. When the CEN input is high, the data bus is in the 3-State condition. 


















































DO-D7 


Chip Enable: Active-low input. When low, data transfers between the CPU and the UART are 
enabled on DO-D7 as controlled by the WRN, RDN and AO-A2 inputs. When CEN is high, the 
UART is effectively isolated from the data bus and DO-D7 are placed in the 3-State condition. 


Write Strobe: Active-low input. A low on this pin while CEN is low causes the contents of the 
data bus to be transferred to the register selected by AO—A2. The transfer occurs on the trailing 
(rising) edge of the signal. 


Read Strobe: Active-low input. A low on this pin while CEN is low causes the contents of the 
register selected by AO—A2 to be placed on the data bus. The read cycle begins on the leading 
(falling) edge of RDN. ta 4 


Address Inputs: Active-high address inputs to select the UART registers for read/write opera- 
tions. ; 


Reset: Master reset. Ahigh on this pin clears the status register (SR), the interrupt mask register 
(IMR), and the interrupt status register (ISR), sets the mode register pointer to MR1, and places 
the receiver and transmitter in the inactive state causing the TxD output to go to the marking 
(high) state. 


Interrupt Request: This active-low output is asserted upon occurrence of one or more of seven 
maskable interrupting conditions. The CPU can read the interrupt status register to determine 
the interrupting condition(s). This open-drain output requires a pull-up resistor. 


X1/CLK 


Crystal 1: Crystal or external clock input. When using the crystal oscillator, this pin serves as 
the connection for one side of the crystal. If a crystal is not used, an external clock is supplied 
at this input. An external clock (or crystal) is required even if the internal baud rate generator is 
not utilized. This clock is used to drive the internal baud rate generator, as an optional input to 
the timer/counter, and to provide other clocking signals required by the chip. 


Crystal 2: Connection for other side of crystal. If an external source is used instead of a crystal, 
this connection should be open. 


Receiver Serial Data Input: The least significant bit is received first. If external receiver clock 
is specified, this input is sampled on the rising edge of the clock. 


Transmitter Serial Data Output: The least significant bit is transmitted first. This output is held 
in the marking (high) condition when the transmitter is idle or disabled and when the UART is 
operating in local loopback mode. If external transmitter is specified, the data is shifted on the 
falling edge of the transmitter clock. 


Multi-Purpose Output: One of the following functions can be selected for this output pin by pro- 
gramming the auxiliary control register: 

RTSN — Request to send active-low output. This output is asserted and negated via the com- 
mand register. By appropriate programming of the mode registers, RTSN can be programmed 
to be automatically reset after the character in the transmitter is completely shifted or when the 
receiver FIFO and shift register are full. 

C/TO ~ The counter/timer output. 

TxC1X — The 1X clock for the transmitter. 

TxC16X — The 16X clock for the transmitter. 

RxC1X — The 1X clock for the receiver. 

RxC16X — The 16X clock for the receiver. 

TxRDY — The transmitter holding register empty signal. Active-low output. 

RxRDY/FFULL — The receiver FIFO not empty/full signal. Active-low output. 


Multi-Purpose Input: This pin can serve as an input for one of the following functions: 
GPI-— General purpose input. The current state of the pin can be determined by reading the ISR. 
CTSN — Clear-to-send active-low input. 

CTCLK — Counter/timer external clock input. 

RTCLK — Receiver and/or transmitter external clock input. This may be a 1X or 16X clock as 
programmed by CSR[3:0] or CSR[7:4]. 


Power Supply: +5V supply input. 





Ground 
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ABSOLUTE MAXIMUM RATINGS! 


vs 
mW 






Voltage from any pin to ground? —0.5 to Voc 410% 
Power Dissipation 


. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other condition above those indicated in the operation section of this specification is not implied. 
2. For operating at elevated temperature, the device must be derated based on +150°C maximum junction temperature. 
3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 
4. Parameters are valid over specified temperature range. See Ordering Information table for applicable operating temperature and Vcc supply 
range. : 


DC ELECTRICAL CHARACTERISTICS': 2 3 


















































. LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | Min | Typ | Max | UNIT 

Vit Input low voltage 0.8 V 
VW Input high voltage 

All except X1/CLK 2 V 

X1/CLK 0.8Vcc Voc V 
VoL Output low voltage lo, = 2.4mMA V 
Vout Output high voltage 

(except open drain outputs) low = —400nA 24 V 

Ie Input leakage current Vin = 0 to Voc 10 pA 
lo Data bus 3-State leakage current Vo =0.4 to Vec 10 pA 
lop Open-drain output leakage curent Vo = 0.4 to Voc | 10 nA 
ae X1/CLK low input current Vin =0, X2 floated —100 —30 0 pA 
IXtH X1/CLK high input current Vin = Voc, X2 floated 0 30 100 LA 
lyat X2 low output current Vout =0, X1/CLK = Vec —100 pA 
IyoH X2 high output current Vout = Vcc, X1/CLK = OV 100 pA 
loca Power supply current, active 

0°C to +70°C 0.8 2.0 mA 

—40°C to +85°C 1.0 25 mA 
locp Power down current 500 pA 





NOTES: 


1. Parameters are valid over specified temperature range. See Ordering Information table for applicable operating temperature and Vcc supply 
range. 


2. All voltage measurements are referenced to ground (GND). For testing, all input signals swing between OV and 2.8V with a transition time of 
20ns max. For X1/CLK, this swing is between 0.4V and 4.0V. All time measurements are referenced at input voltages of 0.8V and 2V and output 
voltages of 0.8V and 2V as appropriate. 


3. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 
4. Test condition for outputs: C, = 150pF, except interrupt outputs. Test conditions for interrupt outputs: C,_ = 50pF, Ry = 2.7kohms to Vcc. 
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AC ELECTRICAL CHARACTERISTICS! 2. 3. 4 


| LIMITS 


Reset timing (Figure 1) 


Tass [Reset pulse wit Ee eed 


Bus timing (Figure 2)° 


AO~A2 setup time to RDN, WRN low 
A0—A2 hold time from RDN, WRN high 
CEN setup time to RDN, WRN low 
CEN hold time from RDN, WRN high 
WRN, RDN pulse width 

Data valid after RDN low 

Data bus floating after RDN high 
Data setup time before WRN high 
Data hold time after WRN high 

Time between reads and/or writes®: ” 






































MPI input setup time before RDN low 
MI input hold time after RDN low 
MPO output valid after WRN high 


Interrupt timing (Figure 4) 


INTRN negated 
Read RHR (RxRDY/FFULL iniehrupt) 
Write THR (TxRDY, TxEMT interrupt) 
Reset command (break change interrupt) 
Reset command (MPI change interrupt) 
Stop C/T command (counter interrupt) 

Write IMR (clear of interrupt mask bit) 

























Clock timing (Figure 5) 


X1/CLK high or low time 
X1/CLK frequency 
Counter/timer clock high or low time 
Counter/timer clock frequency 

RxC high or low time 

RxC frequency (16X) | 

RxC frequency (1X) _ 

TxC high or low time 

TxC frequency (16X) 

TxC frequency (1X) 



























Transmitter timing (Figure 6) 


trxp TxD output delay from TxC low 350 
tres TxC output delay from TxD output data 150 


Receiver timing (Figure 7) 


trxs RxD data setup time to RxC high 100 
taxH RxD data hold time from RxC high 100 
ee 
. Parameters are valid over specified temperature range. See Ordering Information table for applicable operating temperature and Vcc supply 
range. 
2. All voltage measurements are referenced to ground (GND). For testing, all input signals swing between OV and 2.8V with a transition time of 
20ns max. For X1/CLK, this swing is between 0.4V and 4.0V. All time measurements are referenced at input voltages of 0.8V and 2V and output 


voltages of 0.8V and 2V as appropriate. 
3. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 


4. Test condition for outputs: C, = 150pF, except interrupt outputs. Test conditions for interrupt outputs: C_ = 50pF, R, = 2.7kohms to Vcc. 

5. Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing' input. In this case, 
all timing specifications apply referenced to the falling and rising edges of CEN. CEN and RDN (also CEN and WRN) are ORed internally. As 
a consequence, this signal asserted last initiates the cycle and the signal negated first terminates the cycle. 

6. If CEN is used as the ‘strobing’ input, this parameter defines the minimum high time between one CEN and the next. The RDN signal must be 
negated for tawp guarantee that any status register changes are valid. 

7. Consecutive write operations to the command register require at least three rising edges of the X1 clock between writes. 
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BLOCK DIAGRAM 

As shown in the block diagram, the UART con- 
sists of: data bus buffer, interrupt control, oper- 
ation control, timing, receiver and transmitter. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data busses. It 
is controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and UART. 


Interrupt Control 

A single interrupt output (INTRN) is provided 
which may be asserted upon occurrence of any 
of the following internal events: 

— Transmit holding register ready 


— Transmit shift register empty 

— Receive holding register ready or FIFO full 
— Change in break received status 

— Counter reached terminal count 

~ Change in MPI input 

— Assertion of MPI input 


Associated with the interrupt system are the in- 
terrupt mask register (IMR) and the interrupt 
status register (ISR). The IMR can be pro- 
grammed to select only certain of the above 
conditions to cause INTRN to be asserted. The 
ISR can be read by the CPU to determine all 
currently active interrupting conditions. Howev- 
er, the bits of the ISR are not masked by the 
IMR. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. It contains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. The functions performed by the CPU 
read and write operations are shown in Table 1. 


Mode registers 1 and 2 are accessed via an 
auxiliary pointer. The pointer is set to MR1 by 
RESET or by issuing a reset pointer command 
via the command register. Any read or write of 
the mode register while the pointer is at MR1 
switches the pointer to MR2. the pointer then 
remains at MR2 so that subsequent accesses 
are to MR2, unless the pointer is reset to MR1 
as described above. 
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Table 1. Register Addressing 
READ WRITE 
A2 A1 AQ] (RDN=0) | (WRN=0) 


Reserved" 
RHR 
Reserved" 
ISR 

CTU 

CTL 
























NOTE; 
“Reserved registers should never be read 
during operation since they are reserved for 
internal diagnostics. 
ACR = Auxiliary control register 

CR = Command register 

CSR = Clock select register 

CTL = Counter/timer lower 

CTLR = Counter/timer lower register 

CTU = Counter/timer upper 

CTUR = Counter/timer upper register 

MR = Mode register A 
SR = Status register 

THR = Tx holding register 


Timing Circuits 

The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
counter/timer, and two clock selectors. 


The crystal oscillator operates directly from a 
3.6864MHz crystal connected across the X1/ 
CLK and X2 inputs with a minimum of external 
components. If an external clock of the appro- 
priate frequency is available, it may be con- 
nected to X1/CLK. If an external clock is used 
instead of a crystal, X1/CLK is driven using a 
configuration similar to the one in Figure 5. In 
this case, the input high-voltage must be capa- 
ble of attaining the voltage specified in the DC 
Electrical Characteristics. The clock serves as 
the basic timing reference for the baud rate 
generator (BRG), the counter/timer, and other 
internal circuits. A clock frequency, within the 
limits specified in the electrical specifications, 
must be suppliedif the internal BRG is notused. 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4K 
baud. Thirteen of these are available simulta- 
neously for use by the receiver and transmitter. 
Eight are fixed, and one of two sets of five can 
be selected by programming ACR[7]. The clock 
outputs from the BRG are at 16X the actual 
baud rate. The counter/timer can be used as a 
timer to produce a 16X clock for any other baud 
rate by counting down the crystal clock or an ex- 


ternal clock. The clock selectors allow the inde- - 


pendent selection by the receiver and er of any 


of these baud rates or an external timing signal. 
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The C/T operation is programmed by ACR[6:4]. 
One of eight timing sources can be used as the 
input to the C/T. The output of the C/T is avail- 
able to the clock selectors and can be pro- 
grammed by ACR[2:0} to be output on the MPO 
pin. 

In the timer mode, the C/T generates a square 
wave whose periodis twice the number of clock 
periods loaded into the C/T upper and lower 
registers. The counter ready bitin the |SRis set 
once each cycle of the square wave. If the value 
in CTUR or CTLR is changed, the current half- 
period will not be affected, but subsequent half- 
periods will be affected. In this mode the C/T 
runs continuously and does not recognize the 
stop counter command (the command only re- 
sets the counter ready bit in the ISR). Receipt 
of a start C/T command causes the counter to 
terminate the current timing cycle and to begin 
a new cycle using the values in CTUR and 
CTLR. . 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR and CTLR. 
Counting begins upon receipt of a start C/T 
command. Upon reaching terminal count, the 
counter ready bit in the ISR is set. The counter 
continues counting past the terminal count until 
stopped by the CPU. If MPO is programmed to 
be the output of the C/T, the output remains high 
until terminal count is reached, at which time it 
goes low. The output returns to the high state 
and the counter ready bit is cleared when the 
counter is stopped by a stop counter command. 
the CPU may change the values of CTUR and 
CTLR at any time, but the new count becomes 
effective only on the next start counter com- 
mand following a stop counter command. If 
new values have not been loaded, the previous 
count values are preserved and used for the 
next count cycle. 


Inthe counter mode, the current value of the up- 
per and lower eight bits of the counter may be 
read by the CPU. It is recommended that the 
counter be stopped when reading to prevent 
potential problems which may occur if a carry 
from the lower eight bits to the upper eight bits. 
occurs between the times that both halves of 
the counter are read. However, a subsequent 
start counter command causes the counter to 
begin a new count cycle using the values in 
CTUR and CTLR. 


Receiver and Transmitter 

The UART is a full-duplex asynchronous re- 
ceiver/transmitter. The operating frequency for 
the receiver and transmitter can be selected in- 


. dependently from the baud rate generator, the 


counter/timer, or from an external input. Regis- 
ters associated with the communications chan- 
nel are: the mode registers (MR1 and MR2), the 
clock select register (CSR), the command reg- 
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ister (CR), the status register (SR), the transmit 
holding register (THR), and the receive holding 
register (RHR). 

Transmitter 

The transmitter accepts parallel data from the 
CPU and converts it to a serial bit stream on the 
TxD output pin. It automatically sends a start bit 
followed by the programmed number of data 
bits, an optional parity bit, and the programmed 
number of stop: bits. The least significant bit is 
sentfirst. Following the transmission of the stop 
bits, if a new character is not available in the 
THR, the TxD output remains high and the 
TXEMT bit in the SR will be set to 1. Transmis- 
sion resumes and the TxEMT bit is cleared 
when the CPU loads a new character in the 
THR. In the 16X clock mode, this also resyn- 
chronizes the internal 1X transmitter clock so 
that transmission of the new character begins 
with minimum delay. 


The transmitter can be forced to send a break 
_ (continuous low condition) by issuing a start 
break command via the CR. The break is termi- 
nated by a stop break command. 


If the transmitter is disabled, it continues oper- 
ating until the character currently being trans- 
mitted and the character in the THR, if any, are 
completely sent out. Characters cannot be 
loaded in the THR while the transmitter is dis- 
abled. 


Receiver 

The receiver accepts serial data on the RxD 
pin, converts the serial input to parallel format, 
checks for start bit, stop bit, parity bit (if any), or 
break condition, and presents the assembled 
character to the CPU. The receiver looks for a 
high-to-low (mark-to-space) transition of the 
start biton the RxD input pin. Ifa transition is de- 
tected, the state of the RxD pin is sampled 
again each 16X clock for 7-1/2 clocks (16X 
clock mode) or at the next rising edge of the bit 
time clock (1X clock mode). If RxD is sampled 
high, the start bitis invalid and the search for a 
valid start bit begins again. If RxD is still low, a 
valid start bit is assumed and the receiver con- 
tinues to sample the input at one bit time inter- 
vals at the theoretical center of the bit, until the 
proper number of data bits and the parity bit (if 
any) have been assembled, andone sop bithas 
been detected. The data is then transferred to 
the RHR and the RxRDY bit in the SR is set to 
a 1. Ifthe character length is less than eight bits, 
the most significant unused bits in the RHR are 
set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. However, 


if anon-zero character was received withouta ~ 


stop bit (i.e. framing error) and RxD remains low 
for one-half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new Start bit transition had been detected at 
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that point(one-half bit time after the stop bit was 
sampled). The parity error, framing error and 
overrun error (if any) are strobed into the SR at 
the received character boundary, before the 
RxRDY status bit is set. 


If a break condition is detected (RxD is low for 
the entire character including the stop bit), only 
one character consisting of all zeros will be 
loaded in the FIFO and the received break bit 
in the SR is set to 1. The RxD input must return 
to a high condition for two successive clock 
edges of the 1X clock (internal or external) be- 
fore a search for the next start bit begins. 


RECEIVER FIFO 

The RHR consists of a first-in-first-out (FIFO) 
queue with a capacity of three characters. Data 
is loaded from the receive shift register into the 
top-most empty position of the FIFO. The 
RxRDY bit in the status register (SR) is set 


' whenever one or more characters are available 
to be read, anda FFULL status bit is set if all 


three queue positions are filled with data. Either 
of these bits can be selected to cause an inter- 
rupt. A read of the RHR outputs the data at the 
top of the FIFO. After the read cycle, the data 
FIFO andits associated status bits are ‘popped’ 
thus emptying a FIFO position for new data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are appended to each data character in the 
FIFO. Status can be provided in two ways, as 
programmed by the error mode control bit in 
mode register 1. In the character mode, status 
is provided on a character-by-character basis: 
the status applies only to the character at the 
top of the FIFO. In the block mode, the status 
provided in the SR for these three bits is the log- 
ical-OR of the status for all characters coming 
to the top of the FIFO since the last reset error 
command was issued. In either mode, reading 
the SR does not affect the FIFO. The FIFO is 
‘popped’ only when the RHRis read. Therefore, 
the SR should be read prior to reading the cor- 
responding data character. 


If the FIFO is full when a new character is re- 
ceived, that characteris heldin the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exists, the contents of the FIFO are not af- 
fected: the character previously in the shift reg- 
ister is lost and the overrun error status bit 
(SR[4]) will be set upon receipt of the start bit 
of the new (overrunning) character. 


WAKE-UP MODE . 

In addition to the normal transmitter and receiv- 
er operation described above, the UART incor- 
porates a special mode which provides 
automatic wake-up of the receiver through ad- 


dress frame recognition for multi-processor 


communications. This mode is selected by pro- 
gramming bits MR1[4:3] to ‘11’. 
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In this mode of operation, a ‘master’ station 
transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, whose receivers are 
normally disabled, examine the received data 
stream and ‘wake-up’ the CPU [by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, an ad- 
dress/data (A/D) bit, and the programmed num- 
ber of stop bits. The polarity of the transmitted 
A/D bit is selected by the CPU by programming 
bit MR1[{2]. MR1{2] = 0 transmits a zero in the 
A/D bit position which identifies the corre- 
sponding data bits as data, while MR1[2] = 1 
transmits a one in the A/D bit position which 
identifies the corresponding data bits as an ad- 
dress. The CPU should program the mode reg- 
ister prior to loading the corresponding data bits 
in the THR. 


While in this mode, the receiver continuously 
looks at the received data stream, whether it is 
enabled or disabled. If disabled, it sets the 
RxRDY status bit and loads the character in the 
RHR FIFO if the received A/D bit is a one, but 
discards the received character if the received 
A/D bitis a zero. If enabled, all received charac- 
ters are then transferred to the CPU via the 
RHR. In either case, the data bits are loaded in 
the data FIFO while the A/D bit is loaded in the 
status FIFO position normally used for parity er- 
ror (SR[5]). Framing error, overrun error, and 
break detect operate normally whether or not 
the receiver is enabled. 


MULTI-PURPOSE INPUT PIN 

The MPI pin can be programmed as an input to 
one of several UART circuits. The function of 
the pin is selected by programming the appro- 
priate control register (MR2[4]), ACR[6:4], CSR 
[7:4, 3:0]}. Only one of the functions may be se- 
lected at any given time. If CTS or GPI is se- 
lected, achange of state detector provided with 
the pinis activated. A high-to-low or low-to-high 
transition of the inputs lasting longer than 
25—50us sets the MPI change-of-state bitin the 
interrupt status register. The bit is cleared viaa 
command. The change-of-state can be pro- 
grammed to generate an interrupt to the CPU 
by setting the corresponding bit in the interrupt 
mask register. | 


The input port pulse detection circuitry uses a 
38.4kHz sampling clock derived from one of the 
baud rate generator taps. This produces a sam- 
pling period of slightly more than 25ps (assum- 


ing a 3.6864MHz oscillator input). The detec- 


tion circuitry, in order to guarantee that a true 
change in level has occurred, requires two 
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successive samples at the new logic level be 
observed. As aconsequence, the minimum du- 
ration of the signal change is 25ys if the transi- 
tion occurs coincident with the first sample 
pulse. The 50us time refers to the condition 
where the change of state is just missed and the 
first change of state is not detected until after an 
additional 25ys. 


MULT-PURPOSE OUTPUT PIN 

This pin can be programmed to serve as a re- 
quest-to-send output, the counter/timer output, 
the output for the 1X or 16X transmitter or re- 
ceiver clocks, the TxRDY output or the RxRDY/ 
FFULL output (see ACR[2:0] — MPO Output 
Select). 


REGISTERS 

The operation of the UART is programmed by 
writing control words in the appropriate regis- 
ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
Addressing of the registers is as described in 
Table 1. 


The contents of certain control registers are ini- 
tialized to zero on reset (see RESET pin de- 
scription). Care should be exercised if the 
contents of a register are changed during oper- 
ation, since certain changes may cause opera- 
tional problems. For example, changing the 
number of bits per character while the transmit- 
ter is active may cause the transmission of an 
incorrectcharacter. The contents of the MR, the 
CSR, and the ACR should only be changed 
while the receiver and transmitter are disabled, 
and certain changes to the ACR should only be 
made while the C/T is stopped. The bit formats 
of the UART are’shown in Table 2. _ 


MR1 — Mode Register 1 

MR1 is accessed when the MR pointer points 
to MR1. The pointer is set to MR1 by RESET or 
by a set pointer command applied via the CR. 
After reading or writing MR1, the pointers are 
set at MR2. 


MR1[7] - Receiver Request-to-Send Con- 
trol 

The bit controls the deactivation of the RTSN 
output (MPO) by the receiver. This output is 
normally asserted and negated by commands 
applied via the command register. MR1[7] = 1 
causes RTSN to be automatically negated 
upon receipt of a valid start bit if the receiver 
FIFO is full. RTSN is reasserted when an empty 
FIFO position is available. This feature can be 
used to prevent overrun in the receiver by using 
the RTSN output signal to control the CTS input 
of the transmitting device. 


MR1[6] — Receiver Interrupt Select 

This bit selects either the receiver ready status 
(RxRDY) or the FIFO full status (FFULL) to be 
used for CPU interrupts. 
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MR1[5] ~ Error Mode Select 

This bit selects the operating mode of the three 
FiFOed status bits (FE, PE, received break). In 
the character mode, status is provided on a 
character-by-character basis. The status ap- 
plies only to the character at the top of the FIFO. 
In the block mode, the status providedin the SR 
for these bits is the accumulation (logical-OR) 
of the status for all characters coming to the top 
of the FIFO since the last reset error command 
was issued. 


MR1[4:3] — Parity Mode Select 
If with parity or force parity is selected, a parity 
bitis added to the transmitted character and the 
receiver performs a parity check on incoming 
data. MR![4:3] = 11 selects the channel to oper- 
ate in the special wake-up mode. 


MR1[2] — Parity Type Select 

This bit selects the parity type (odd or even) if 
the with parity mode is programmed by 
MR1[4:3], and the polarity of the forced parity 
bit if the force parity mode is programmed. It 
has no effect if the no parity mode is pro- 
grammed. In the special wake-up mode, it se- 
lects the polarity of the transmitted A/D bit. 


MR1[1:0] — Bits Per Character Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, par- 
ity, and stop bits. 


MR2 — Mode Register 2 

MR2 is accessed when the channel MR pointer 
points to MR2, which occurs after any access 
to MR1. Accesses to MR2 do not change the 
pointer. 


MR2[7:6] — Mode Select 


The UART can operate in one of four modes. 

MR2[7:6] = 00 is the normal mode, with the 

transmitter and receiver operating indepen- 

dently. MR2[7:6] = 01 places the channel in the 
automatic echo mode, which automatically re- 
transmits the received data. The following con- 
ditions are true while in automatic echo mode: 

1. Received data is reclocked and retrans- 
mitted on the TxD output. 

2. Thereceive clockis used for the transmitter. 

3. The receiver must be enabled, but the 
transmitter need not be enabled. 

4. The TxRDY and TxEMT status bits are in- 
active. 

5. Thereceived parity is checked, butis notre- 
generated for transmission, i.e., transmitted 
parity bit is as received. 

6. Character framing is checked, but the stop 
bits are retransmitted as received. 

7. Areceived break is echoedas received until 
the next valid start bit is detected. 
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8. CPU-to-receiver communication continues 
normally, but the CPU-to-transmitter link is 
disabled. 


Two diagnostic modes can also be selected. 

MR2[7:6] = 10 selects local loopback mode. In 

this mode: 

1. The transmitter output is internally con- 

nected to the receiver input. 

The transmit clock is used for the receiver. 

The TxD output is held high. 

The RxD input is ignored. 

The transmitter must be enabled, but the re- 

ceiver need not be enabled. 

6. CPU to transmitter and receiver communi- 
cations continue normally. 


> ey 


The second diagnostic mode is the remote 

loopback mode, selected by MR2[7:6] = 11. In 

this mode: 

1. Received data is reclocked and retrans- 
mitted on the TxD output. 

2. Thereceive clock is used for the transmitter. 

3. Received data is not sent to the local CPU, 
and the error status conditions are inactive. 

4. The received parity is not checked and is 
not regenerated for transmission, i.e., the 
transmitted parity bit is as received. 

5. The receiver must be enabled, but the 
transmitter need not be enabled. 

6. Character framing is not checked, and the 
stop bits are retransmitted as received. 

7. Areceived break is echoed as received until 
the next valid start bit is detected. 


When switching in and out of the various 
modes, the selected mode is activated immedi- 
ately upon mode selection, even if this occurs 
in the middle of a received or transmitted char- 
acter. Likewise, if amode is deselected, the de- 
vice will switch out of the mode immediately. An 
exception to this is switching out of auto-echo 
or remote loopback modes; if the deselection 
occurs just after the receiver has sampled the 
stop bit (indicated in auto-echo by assertion o 
fRxRDY), and the transmitter is enabled, the 
transmitter is enabled, the transmitter will re- 
main in auto-echo mode until one full stop bit 
has been retransmitted. 


MR2[5] — Transmitter Request-to—Send 
Control 

This bit controls the deactivation of the RTSN 
output (MPO) by the transmitter. This output is 
normally asserted and negated by appropriate 
commands issued via the command register. 
MR2{[5] = 1 causes RTSN to be reset automati- 
cally one bit time after the characters in the 
transmitshiftregister and in the THR (ifany) are 
completely transmitted (including the pro- 
grammed number of stop bits) if the transmitter 
is not enabled. This feature can be used to au- 
tomatically terminate the transmission as fol- 
lows: 
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1. Program auto-reset mode: MR2[5] = 1. 4. Send message. 6. The last character will be transmitted and 
2. Enable transmitter. 5. Disable transmitter after the last character RTSN will be reset one bit time after the last 
3. Assert RTSN via command. of the message is loaded in the THR. stop bit. 


Table 2. _ Register Bit Formats 


Oe ee see eee ee 


MR1 (Mode Register 1) 


RxRT Control | RxINT Select Parity Mode Parity Type Bits per Character 


0=no 0 = RxRDY 0 = Char 00 = With parity 
1 = yes 1 = FFULL 1 = Block 01 = Force parity 
10 = No parity 

11 = Special mode 


MR2 (Mode Register 2) 


TxRTS Con- | CTS Enable . 
Channel Mode trol Tx Stop Bit Length* » % 




















































00 = Normal 4=0813 8 =1.563 C.= 1.813 
01 = Auto echo 1=0625 5=0875 9=1.625 D = 1.875 
10 = Local loop 2=0688 6=0.938 A=1.688 E = 1.938 
11 = Remote loop F = 2.000 







3 = 0.750 7=1.000 B=1.750 










NOTE: , 
*Add 0.5 to values shown for 0-7 if channel is programmed for 5 bits/character. 


CSR (Clock Select Register) 


Receiver Clock Select Transmitter Clock Select 


CR (Command Register) 3 


Miscellaneous Commands Disable Tx Enable Tx Disable Rx Enable Rx 


See Text ri 0=No 0=No 0=No . 0 =No 
1 = Yes 1 = Yes 1 = Yes - f= Yes 











SR (Channel Status Register) 


Received Framing Parity TxEMT TxRDY _FFULL RxRDY 
Break Error Error | 


NOTE: ; ; 
*These status bits are appended to the corresponding data character in the receive FIFO. A read of the status register provides these bits [7:5] 
from the top of the FIFO together with bits [4;0]. These bits are cleared by a reset error status command. In character mode they are reset when 
the corresponding data character is read from the FIFO. 
















ACR (Auxiliary Control Register) 


BRG Set . * Counter/Timer Power-Down . MPO Pin : 
Select Mode and Source Mode Function Select , 


See Text 000 = RTSN - 100 = RxC (1X) 
001 = C/TO 101 = RxC (16X) 
010 = TxC (1X) 110 = TxRDY 





011 = TxC (16X) 111 = RxRDY/FFULL 

















ISR (Interrupt Status Register) : 


MPI Pin MPI Pin Cur- | Counter Delta RxRDY/ TxEMT TxRDY 
Change rent State Ready Break FFULL 

0=No O=Low — 0 = No _  O=No 0 = No 0=No O=No — 
1 = Yes 1 = High 1 = Yes 1=Yes . 1 = Yes 1 = Yes _ 1= Yes 
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Table 2. Register Bit Formats (Continued) 


Fe a eee i ee ene, ee 
IMR (Interrupt Mask Resister) 


MPI Change MPI Level In- Counter Delta Break | RxRDY/FFULL | TxEMT Inter- | TxRDY Inter- 
Interrupt terrupt Ready Int interrupt interrupt rupt rupt 
0 = Off 0 = Off 0 = Off 0 = Off O = Off 0 = Off 0 = Off 
1=On 1=On. 1=On 1=On 1=On 1=On 1=On 
CTUR (Counter/Timer Upper Register) 


CTLR (Counter/Timer Lower Register) 


om [emi [ems emaomTom 



















MR2[4] — Clear-to-Send Control Table 3. Baud Rate Selection 0100 Reset error status. Clears the re- 
The sate of this bit determines if the CTSN input CSRI3-01/ ceived break, parity error, framing 
(MP!) controls the operation of the transmitter. a ] ACR[7]=0 | ACR[7] =1 error, and overrun error bits in the 
If this bitis 0, CTSN has no effect on the trans- : ae csi es In 
iter. [fthis bit; ; character mode to clear OE status 
Cee (although RB, PE, and FE bits will 
oe See ees also be cleared), and in block 
character. If itis asserted (low), the characteris 001 mode to clear all error status after 
transmitted. If itis negated (high), the TxD out- 010 a block of data has been received. 
mission is delayed until CTSN goes low. 011 Causes the break detect change 
Changes in CTSN while a character is being 011 bit in the interrupt status register 
transmitted do not affect the transmission of -100 (ISR{3]) to be cleared to zero. 
that character. This feature can be used to pre- 100 0110 Start break. Forces the TxD output 
vent overrun of a remote receiver. roe low (spacing). If the transmitter is 
10 4 empty, the start of the break condi- 
‘ 11 tion will be delayed up to two bit 
MR2[3:0] - Stop Bit Length Select 110 times. If the transmitter is active, 
This field programs the length of the stop bit ap- 111 the break begins when transmis- 
pended to the transmitted character. Stop bit 114 sion of the character is completed. 
lengths of 9/16 to 1 and 19/16 to 2 bits, in incre- If a character is in the THR, the 
ments of 1/16 bit, canbe programmed for char- Aer Wel oet See pbA Cee start of break is delayed until that 
except for CSR[7:4] = 1111. bh horelondadat 
acter lengths of 6, 7, and 8 bits. For a character ee ee aa 
length of S bits, 1-1/16 to 2 stop bits can be pro- CR —- Command Register (TxEMT must be true before break 
grammed in increments of 1/16 bit. In all cases, ; j 
; i . : begins). The transmitter must be 
the receiver only checks fora mark condition at CR is used to write commands to the UART. Bnabled to-start-a broak 
the center of the first stop bit position (one bit ee ee a aaah : bhi 0111 Stop break. The TxD line will go 
time after the last data bit, or after the parity bit SO Neve Ong Ao Mie ro manos ae Ne high (marking) within two bit times. 
if parity is enabled). If an external 1X clock is conflicting, e.g., the enable transmitter and re- TxD will remain high for one bit 
used for the transmitter, MR2[3]=Oselectsone Set transmitter commands cannot be specified time before the next character, if 
stop bit and MR2[3} = 1 selects two stop bits to Na Single command word. any, is transmitted. 
be transmitted. CR[7:4] - Miscellaneous Commands 1000 =Start C/T. In counter or timer 


CSR — Clock Select Register 


The encoded value of this field may be used to 
specify a single command as follows: 


modes, causes the contents of 
CTUR/CTLR to be preset into the 
counter/timer and starts the count- 


CSRI7:4] - Receiver Clock Select 0000 No command. ee ee 
This field selects the baud rate clock forthe re- 0001 ResetMR pointer. Causes the MR eming yas 1p ane ee 

inter to point to M1. e command is issued is termi- 
ceiver as shown in Table 3. The baud rates poin p nated. In counter mode, has no ef- 
listed are for a 3.6864MHz crystal or external 0010 Reset receiver. Resets the receiv- fect unless a stop C/T command 
clock. er as if a hardware reset had been was issued previously. 

applied. The receiver is disable 

CSR[3:0] — Transmitter Clock Select and the FIFO is flushed. 
This field selects the baud rate clock for the 0011 Reset transmitter. Resets the 


transmitter. The field definition is as shown in 
Table 3. 
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transmitter as if a hardware reset 
had been applied 
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1001 Stop counter. In counter mode, 
stops operation of the counter/tim- 
er, resets the counter ready bit in 
the ISR, and forces the MPO out- 
put high if it is programmed to be 
the output of the C/T. In timer 
mode, resets the counter ready bit 
in the ISR but has no effect on the 
counter/timer itself or on the MPO 
output. 

Assert RTSN. Causes the RTSN 
output (MPO) to be asserted (low). 
Negate RTSN.Causes the RTSN 
output (MPO) to be negated (high). 
Reset MPI change __ interrupt. 
Causes the MPI change bit in the 
interrupt status register (ISR[7}) to 
be cleared to zero. 

Reserved. 

Reserved. 


1010 
1011 


1100 


1101 
111x 


CR[3] — Disable Transmitter 

This command terminates operation and resets 
the TxRDY and TxEMT status bits. However, if 
a character is being transmitted or if acharacter 
is in the THR when the transmitter is disabled, 
the transmission of the character(s) is com- 
pleted before assuming the inactive state. 


CR[2] — Enable Transmitter 
Enables operation of the channel A transmitter. 
The TxRDY status bit will be asserted. 


CR[1] — Disable Receiver 

This command terminates operation of the re- 
ceiver immediately; a character being received 
will be lost. The command has no effect ori the 
receiver status bits or any other control regis- 
ters. If the special wake-up mode is pro- 
grammed, the receiver operates even if it is 
disabled (see Wake-up Mode). 


CR[0] — Enable Receiver 

Enables operation of the receiver. If not in the 
special wake-up mode, this also forces the re- 
ceiver into the search for start bit state. 


SR — Channel Status Register 

The status register is updated while RDN is ne- 
gated. Therefore, the bus interface used with 
this device must not use a static RDN line. The 
RDN line mustbe pulsed to allow status register 
updates. 


SR[7] - Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received; further 
entries to the FIFO are inhibited until the RxD 
line returns to the marking state for at least one 
half bit time (two successive edges of the inter- 
nal or external 1X clock). 


When this bit is set, the change in break bit in 
the ISR (ISR[3}) is set. ISR[3] is also set when 
the end of the break condition, as defined 
above, is detected. 
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The break detect circuitry is capable of detect- 
ing breaks that originate in the middle of a re- 
ceived character. However, if a break begins in 
the middle of a character, it must last until the 
end of the next character time in order for it to 
be detected. 


SR[6] — Framing Error (FE) 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 


SR[5]— Parity Error (PE) 

This bitis setwhen the with parity or force parity 
mode is programmed and the corresponding 
character in the FIFO was received with incor- 
rect parity. In special wake-up mode, the parity 
error bit stores the received A/D bit. 


SR[4] — Overrun Error (OE) 

This bit, when set, indicates that one or more 
characters in the received data stream have 
been lost. Itis set upon receipt of a new charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. This bit is cleared by a reset 
error status command. 


SR[3] — Transmitter Empty (TxEMT) 

This bit will be set when the transmitter under- 
runs, |.e., both the transmit holding register 
(THR) and the transmit shift register are empty. 
However, this bit is not set until at least one 
character has been transmitted. It is set after 
transmission of the last stop bit of a character, 
If no character is in the THR awaiting transmis- 
sion. It is reset when the THR is loaded by the 
CPU, or when the transmitter is disabled. 


SR[2] — Transmitter Ready (TxRDY) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
the CPU andis set when the character is trans- 
ferredto the transmit shift register. TXRDY is re- 
set when the transmitter is disabled and is set 
when the transmitter is first enabled, e.g., char- 
acters loaded in the THR while the transmitter 
is disabled will not be transmitted. 


SR[1] — FIFO Full (FFULL) 

This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the FIFO 
and there is no character in the receive shift 


. register. If a character is waiting in the receive 


shift register because the FIFO is full, FFULL 
will be reset by the CPU read and then set by 
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the transfer of the character to the FIFO, which 
causes all three FIFO positions to be occupied. 


SR[0] — Receiver Ready (RxRDY) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. It is set when the character is trans- 
ferred from the receive shift register to the FIFO 
and reset when the CPU reads the RHR, and 
no more characters are in the FIFO. 


ACR - Auxiliary Control Register 


ACR[7] — Baud Rate Generator Set Select 


This bit selects one of two sets of baud rates 
generated by the BRG. 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

Set 2: 75,110, 134.5, 150, 300,600, 1.2k, 


1.8k, 2.0k, 2.4k, 4.8k, 9.6k, and 
19.2k baud. 


The selected set of rates is available for use by 
the receiver and transmitter. See Table 4 for 
characteristics of the BRG. 


ACR[6:4] — Counter/Timer Mode and Clock 
Source Select 

This field selects the operating mode of the 
counter/timer and its clock source as follows: 


ACR 
[6:4] Clock Source 


Counter | MPI pin 
Counter | MPI pin divided by 16 
Counter | TxC—1X clock of the 
transmitter 

Crystal or external 
clock (X1/CLK) 
divided by 16 

MPI pin 

MPI pin divided by 16 
Crystal or external 
clock (X1/CLk) 
Crystal or external 
clock (X1/CLK) 
divided by 16 



























Counter 















Timer 
Timer 
Timer 






Timer 


ACR[3] — Power-Down Mode Select 

This bit, when set to zero, selects the power- 
down mode. Inthis mode, the SCC 2691 oscilla- 
tor is stopped and all functions requiring this 
clock are suspended. The contents of all regis- 
ters are saved. It is recommended that the 
transmitter and receiver be disabled prior to 
placing the SCC 2691 in this mode. Note that 
this bit must be set to a logic 1 after reset. 


When the power-down mode is enabled, inter- 
nal circuitry forces the X1/CLK pin to the low 
state and the X2 pin to the high state. If an exter- 
nal clock is being used to drive the device, it is 
recommended that the clock source be three- 
stated or forced low while the UART is in power- 
down mode in order to prevent the clock driver 
from being short circuited. 


Philips Components—Signetics Data Communication Products 


Universal asynchronous receiver/transmitter (UART) 


Table 4. BRG Characteristics 


Crystal or Clock = 3.6864MHz 


Nom Rate {| Actual 16X* 
(Baud) Clock (kHz) | Error (%) 





*Duty cycle of 16X clock is 50% +1% 


ACR[2:0] - MPO Output Select 
This field programs the MPO output pin to pro- 
vide one of the following: 


000 Request-to-sendactive-low output 
(RTSN). This output is asserted 
and negated via the command reg- 
ister. RTSN can be programmed to 
be automatically reset after the 
character in the transmitter is com- 
pletely shifted out or when the re- 
ceiver FIFO and receiver shift reg- 
ister are full using MR2{5] and 
MR1[7], respectively. 


001 The counter/timer output. In the 
timer mode, this output is a square 
wave with a period of twice the val- 
ue (in clock periods) of the con- 
tents of the CTUR and CTLR. In 
the counter mode, the output re- 
mains high until the terminal count 
is reached, at which time it goes 
low. the output returns to the high 
state when the counter is stopped 
by a stop counter command. 


010 The 1X clock for the transmitter, 
which is the clock that shifts the 
transmitted data. If data is not be- 
ing transmitted, a non-synchro- 


nized 1X clock is output. 


011 The 16X clock for the transmitter. 
This is the clock selected by 
CSR[3:0] = 1111. 


100 The 1X clock for the receiver, 
which is the clock that samples the 
received data. If data is not being 
received, a non-synchronized 1X 
clock is output. 


101 The 16X clock for the receiver. This 
is the clock selected by CSR[7:4], 
and is a 1X clock if CSR[7:4] = 
1111. 
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110 The transmitter register empty sig- 
nal, which is the complement of 
SR[2]}. Active low output. 


eo The receiver ready or FIFO full sig- 
nal (complement of ISR[2]). Acti- 
ve-low output. 


ISR — Interrupt Status Register 
This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the interrupt mask register 
(IMR). If a bit in the ISR ts a ‘1’ and the corre- 
sponding bit in the IMR is also a'1', the INTRN 
outputis asserted (low). If the corresponding bit 
inthe IMR is a zero, the state of the bitin the |SR 
has no effect on the INTRN output. Note that 
the IMR does not mask the reading of the ISR; 
the true status is provided regardless of the 
contents of the IMR. This register is cleared 
when the device is reset. 


ISR[7] - MPI Change-of-State 

This bit is set when a change-of-state occurs at 
the MPI input pin. It is reset by a reset change 
interrupt command. 


ISR[6] — MPI Current State 

This bit provides the current state of the MPI 
pin. This information is latched and reflects the 
state of the pin at the leading edge of the ISR 
ready cycle. 


ISR[4] — Counter Ready 

In the counter mode of operation, this bit is set 
when the counter reaches terminal count and 
is reset when the counter is stopped by a stop 
counter command. 


In the timer mode, this bitis set once each cycle 
of the generated square wave (every other time 
the C/T reaches zero count). The bit is reset by 
a stop counter command. The command, how- 
ever, does not stop the C/T. 


ISR[3] — Change in Break 

This bit, when set, indicates that the receiver 
has detected the beginning or endof areceived 
break. It is reset when the CPU issues a reset 
break change interrupt command. 


ISR[2] —- Receiver Ready or FIFO Full 

The function of this bit is programmed by 
MR 1{6]. If programmed as receiver ready, it in- 
dicates that a character has been received and 
is waiting in the FIFO to be read by the CPU. It 
is setwhen the character is transferred from the 
receive shift register to the FIFO and reset 
when the CPU reads the receiver FIFO. If the 
FIFO contains more characters, the bit will be 
set again after the FIFO is read. If programmed 
as FIFO full, itis set when a character is trans- 
ferred from the receive holding register to the 
receive FIFO and the transfer causes the FIFO 
to become full, t.e., all three FIFO positions are 
occupied. Itis reset when the FIFO is read and 
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there is no characterin the receive shift register. 
If there is a character waiting in the receive shift 
register because the FIFO is full, the bit is set 
again when the waiting character is transferred 
into the FIFO. 


ISR[1] — Transmitter Empty 
This bit is a duplicate of TXEMT (SRI3)). 


ISR[0] — Transmitter Ready 
This bit is a duplicate of TxRDY (SR[2]). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR cause an interrupt output. Ifa bit 
in the ISR is a ‘1’ and the corresponding bit in 
the IMR is a‘1’, the INTRN output is asserted 
(low). If the corresponding bit in the IMR is a 
zero, the state of the bitin the ISR has no effect 
on the INTRN output. Note that the IMR does 
not mask reading of the ISR. 


CTUR and CTLR — Counter/Timer 
Registers 

The CTUR and CTLR hold the eight MSBs and 
eight LSBs, respectively, of the value to be used 
by the counter/timer in either the counter or tim- 
er modes of operation. The minimum value 
which may be loaded is 000246. 


In the timer (programmable divider) mode, the 
C/T generates a square wave whose period is 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR or CTLR Is 
changed, the current half-period will not be af- 
fected, but subsequent half-periods will be. 


The counter ready status bit (ISR[4]) is setonce 
each cycle of the square wave. The bit is reset 
by a stop counter command. The command, 
however, does not stop the C/T. The generated 
Square wave is output on MPO if it is pro- 
grammed to be the C/T output. 


In the counter mode, the C/T counts down the 
number of pulses loaded in CTUR and CTLR. 
Counting begins upon receipt of a start C/T 
command. Upon reaching the terminal count, 
the counter ready interrupt bit (ISR[4]) is set. 
the counter continues counting past the termi- 
nal count until stopped by the CPU. If MPO is 
programmedto be the outputof the C/T, the out- 
put remains high until the terminal count is 
reached, at which time it goes low. 


The output returns to the high state and ISR[4] 
is cleared when the counter is stopped by astop 
counter command. The CPU may change the 
values of CTUR andCTLR at any time, but the 
new count becomes effective only on the next 
start counter command. If new values have not 
been loaded, the previous values are pre- 
served and used for the next count cycle. 
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Figure 1. Reset Timing 


DO-D7 
(WRITE) 


Figure 2. Bus Timing 





Figure 3. 1/O Timing 
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INTERRUPT! Vor +0.5V 


OUTPUT 


RON 


INTERRUPT! Vor +0.5V 
OUTPUT poesia Nine 


NOTES: 

1. INTRN or MPO when used as interrupt outputs. 

2. The test for open drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from the midpoint of the switching signal, 
Vy, to a point 0.5V above Vo. This point represents noise margin that assures true switching has occurred. Beyond this level, the effects of external circuitry and test environment 
are pronounced and can greatly affect the resultant measurement. 


Figure 4. Interrupt Timing 


Y1 = 3.6864MHz, C, = 20pF 
C1 = C2 = 24pF 


X1/CLK 


X1/CLK 
C/T CLK 
RxC 


Txc¢ 
SCC2691 


DRIVING 
FROM EXTERNAL 
SOURCE 


CLK 5V 


TYPICAL CRYSTAL SPECIFICATION 


FREQUENCY.............. 2—4MHz 
LOAD CAPACITANCE (C,). .. 20 or 32pF (typical) 
TYPE OF OPERATION PARALLEL RESONANT, FUND. MODE 


Figure 5. Clock Timing 


1 BIT TIME 
(1 OR 16 CLOCKS 


TxC 
(INPUT) 


TxC 
(1X OUTPUT) 





Figure 6. Transmit Timing 
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RxC 
(1X INPUT) 


Figure 7. Receive Timing 
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TRANS- 
MITTER 
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ENABLED / 


TxRDY 


| : 
sh2,__ YK y, x x 
7 ? | 7 Re 7 7 


D1 D2 D3 START D4 STOP D5 WILL 
BREAK BREAK NOT BE 


TRANSMITTED 


CR[7:4] = 1010 CR[7:4] = 1010 


NOTES: 
1. TIMING SHOWN FOR MR2[4} = 1. 
2. TIMING SHOWN FOR MR2{5] = 1. 





Figure 8. Transmitter Timing 
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RxD 


RECEIVER 
ENABLED 


RxRDY 
(SRO) 


FFULL 
(SR1) 


RxRDY/ 


FFULL 
MPO? 


RDN S = STATUS 
D = DATA 


OVERRRUN RESET BY 
(SR4) ‘COMMAND 


Rts! 
MPO 


MPO = 1 (CR[7:4] = 1010) 


NOTES; 
1. Timing shown for MR1[7]. 
2. Shown for ACR[2:] = 111 and MR1(6] = 0. 


ADD 2 . ADD. = 
. T= Te] 27) Peet 


TRANSMITTER 
ENABLED 


TxRDY 
(SR2) 


CSN 
(WRITE] 
MR1[4:3] = 11 ADD#1 MR1[2] =0 DO MRi[2] = 1 ADD#2 
MRi[2] = 1 
PERIPHERAL STATION 
BIT 9 BIT 9 BIT 9 


ep ae 
RxD | po jo], | 
| SS 
RECEIVER | | 
ENABLED | | 


| 


RxRDY 
(SRO) 
ee 


ee 


S = STATUS 
MR1[4:3] = 11 D = DATA 


RDN/WRN 


Do 
Figure 10. Wake-Up Mode 
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DESCRIPTION 

The Signetics SCC2692 Dual Universal 
Asynchronous Receiver/Transmitter 
(DUART) is a single-chip CMOS-LSI 
communications device that provides 
two full-duplex asynchronous 
receiverftransmitter channels in a single 
package. It interfaces directly with 
microprocessors and may be used ina 
polled or interrupt driven system. 


The operating mode and data format of 
each channel can be programmed 
independently. Additionally, each 
receiver and transmitter can select its 
operating speed as one of eighteen 
‘fixed baud rates, a 16X clock derived 
from a programmable counter/timer, or’ 
an external 1X or 16X clock. The baud 
rate generator and counter/timer can 
operate directly from a crystal or from 
external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the DUART particularly attractive 
for dual-speed channel applications 
such as clustered terminal systems. 


Each receiver is quadruply buffered to 
minimize the potential of receiver 
Over-run or to reduce interrupt overhead 
in interrupt driven systems. In addition, 
a flow control capability is provided to 
disable a remote DUART transmitter 
when the receiver buffer is full. 


Also provided on the SCC2692 are a 
multipurpose 7-bit input port and a 
multipurpose 8-bit output port. These 
can be used as general purpose I/O 
ports or can be assigned specific 
functions (such as clock inputs or 
status/interrupt outputs) under program 
control. 


853-0895 — 
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~$CC2692 


Dual asynchronous 
_receiver/transmitter (DUART) 


| The SCC2692 is available in three 


package versions: 40-pin and 28-pin, 
0.6” wide, DIPs and a 44-pin PLCC. 


FEATURES 

® Dual full-duplex asynchronous 
receivertransmitters 

® Quadruple buffered receiver data 
register 

© Programmable data format 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force parity 
~ 1, 1.5 or 2 stop bits programmable 

in 1/16-bit increments | 


® Programmable baud rate for each 
receiver and transmitter selectable 
from: 
— 18 fixed rates: 50 to 38.4k baud 


~ One user-defined rate derived from 
programmable counter/Aimer 


— External 1X or 16X clock 
® Parity, framing, and overrun error 
detection 
© False start bit detection 
© Line break detection and generation 
@ Programmable channel mode 
~— Normal (full-duplex) 
— Automatic echo 
— Local loopback 
— Remote loopback 


® Multi-function 7-bit input port 


~ Can serve as clock or control inputs 


— Change of state detection on four 
inputs 


132 


© Multi-function 8-bit output port 
— Individual bit set/reset capability 
— Outputs can be programmed to be 
status/interrupt signals 
@ Versatile interrupt system 
— Single interrupt output with eight 
maskable interrupting conditions 
— Output port can be configured to 
provide a total of up to six separate 
wire-ORable interrupt outputs 


@ Maximum data transfer rates: 


1X — 1MB/sec, 16X — 125kB/sec 


e Automatic wake-up mode for multidrop 
applications 


@ Start-end break interrupt/status 


@ Detects break which originates in the 
middle of a character 


® On-chip crystal oscillator 
@ Power down mode 
e Receiver timeout mode 


® Commercial and industrial 
temperature range versions 


e@ TTL compatible 
@ Single +5V power supply 
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PIN CONFIGURATIONS 


TOP VIEW 


PIN/FUNCTION PIN/FUNCTION 


NC 
AO INTRN 
iP3 D6 
Al D4 
iP1 De 
A2 DO 
A3 OP6 
IPO OP4 
WRN OP2 
RDN OPO 
RXDB TXDA 
NC NC 
TXDB RXDA 
OP1 X1/CLK 


X2 
RESET 
CEN 
IP2 

IP6 

IP5 





ORDERING INFORMATION 
DESCRIPTION Voc = +5V 45%, Ta = 00 470°C | Veo = +5V +10%, Ta = -40 to +85°C 
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BLOCK DIAGRAM 


CHANNEL A 


8 
DO-D7 othe eae. BUS BUFFER 


OPERATION CONTROL 


ADDRESS 
DECODE 


R/W CONTROL 


all 


INTERRUPT CONTROL 


CHANNEL B 
(AS ABOVE) 


if 


INPUT PORT 


CHANGE OF 
STATE 
DETECTORS (4) IPO4PS 


IPCR 


ACR 


i 


TIMING 


INTERNAL DATABUS 


BAUD RATE 
GENERATOR 





CLOCK 
SELECTORS 
COUNTER’ 

TIMER OUTPUT PORT 


FUNCTION 
SELECT LOGIC 


a 
ge 
e| $ 
5| = 
oOo; FF 


X1/CLK 
X2.— 


XTAL OSC 


il 
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PIN DESCRIPTION 


SYMBOL | APPLICABLE 
CEN 























































TYPE NAME AND FUNCTION 


Data Bus: Bidirectional 3-State data bus used to transfer commands, data and status between the 
DUART and the CPU. D0 is the least significant bit. 


Chip Enable: Active-Low input signal. When Low, data transfers between the CPU and the 
DUART are enabled on DO-D7 as controlled by the WRN, RDN and AO-A3 inputs. When High, 
places the DO-D7 lines in the 3-State condition. 


Write Strobe: When Low and CEN is also Low, the contents of the data bus are loaded into the 
addressed register. The transfer occurs on the rising edge of the signal. 










WRN 






RDN Read Strobe: When Low and CEN is also Low, causes the contents of the addressed register to 


be presented on the data bus. The read cycle begins on the falling edge of RDN. 











A0-A3 
RESET 


Address Inputs: Select the DUART internal registers and ports for read/write operations. 


Reset: A High level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts OPO-OP7 
in the High state, stops the counter/timer, and puts Channels A and B in the inactive state, with the 
TXDA and TxDB outputs in the mark (High) state. 


Interrupt Request: Active-Low, open-drain, output which signals the CPU that one or more of the 
eight maskable interrupting conditions are true. 






INTRN 






X1/CLK Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be 
supplied at all times. When a crystal is used, a capacitor must be connected from this pin to 


ground (see Figure 5). 






X2 Crystal 2: Connection for other side of the crystal. When acrystal is used, a capacitor must be 


connected from this pin to ground (see Figure 5). If X1/CLK is driven from an external source, this 
pin can be left open or connected to ground. 


Channel A Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, 
“space” is Low. 


Channel B Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, 
“space” is Low. 


Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This 
output is held in the “mark” condition when the transmitter is disabled, idle or when operating in 
local loopback mode. “Mark” is High, “space” is Low. 


Channel B Transmitter Serial Data Output: The least significant bit is transmitted first. This 
output is held in the ‘mark’ condition when the transmitter is disabled, idle, or when operating in 
local loopback mode. ‘Mark’ is High, ‘space’ is Low. 


Output 0: General purpose output or Channel A request to send (RTSAN, active-Low). Can be 
deactivated automatically on receive or transmit. 


Output 1: General purpose output or Channel B request to send (RTSBN, active-Low). Can be 
deactivated automatically on receive or transmit. 


Output 2: General purpose output, or Channel A transmitter 1X or 16X clock output, or Channel A 
receiver 1X clock output. 


Output 3: General purpose output or open-drain, active-Low counter/timer output or Channel B 
transmitter 1X clock output, or Channel B receiver 1X clock output. 


Output 4: General purpose output or Channel A open-drain, active-Low, RXRDYAN/FFULLAN 
output. 


Output 5: General purpose output or Channel B open-drain, active-Low, RxRDYBN/FFULLBN 
output. 


Output 6: General purpose output or Channel A open-drain, active-Low, TxRDYAN output. 
Output 7: General purpose output, or Channel B open-drain, active-Low, TxRDYBN output. 
Input 0: General purpose input or Channel A clear to send active-Low input (CTSAN). 
Input 1: General purpose input or Channel B clear to send active-Low input (CTSBN). 
Input 2: General purpose input or counter/timer external clock input. 


Input 3: General purpose input or Channel A transmitter external clock input (TxCA). When the 
external clock is used by the transmitter, the transmitted data is clocked on the falling edge of the 
clock. 
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PIN DESCRIPTION (Continued) 


SYMBOL | APPLICABLE TYPE | | NAME AND FUNCTION 


Input 4: General purpose input or Channel A receiver external clock input (RxCA). When the ex- 
ternal clock is used by the receiver, the received data is sampled on the rising edge of the clock. 
Input 5: General purpose input or Channel B transmitter external clock input (TxCB). When the 
X 
x 
















external clock is used by the transmitter, the transmitted data is clocked on the falling edge of the 
clock. 


Input 6: General purpose input or Channel B receiver external clock input (RxCB). When the ex- 
ternal clock is used by the receiver, the received data is sampled on the rising edge of the clock. 


Power Supply: +5V supply input. 
Ground 









Ta | Operating ambienttomperaiurerange® [Note | °C 
Tera Storage tomperaturerange «4; SS oS] 
Veo | Votiage rom Voce GND? ——=S~C*dt~SC‘ S| 
[Vs | Wottage rom any pinto GNO® | O5t0 Veo +05 | Vv 
Pp | Ponerdissipaion =O 





functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 
implied. < 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Parameters are valid over specified temperature range. 
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DC ELECTRICAL CHARACTERISTICS! 2; 3 


LIMITS 
SYMBOL PARAMETER TESTCONDITIONS | Min | Typ | 


Vit Input low voltage 
Vin Input high voltage (except X1/CLK)® 
Vin Input high voltage (except X1/CLK)’ 
Vin Input high voltage (X1/CLK) 


Voi Output low voltage lo. = 2.4mMA 
Vou Output high voltage (except OD outputs)* lou = -400nA Voc -0.5 


X1/CLK input current - power down 
X1/CLK input low current - operating 
X1/CLK input high current - operating 





















UNIT 







° © 
Bay © 






+ 
o-— 
oO 






NJ 
on 

















X2 output high current - operating 
X2 output high short circuit current - operating 

X2 output low current - operating 

X2 output low short circuit current - operating and 
power down 


lonxe 







Vout = Vcc, X1 =90 
Vout = 0, X1 =0 
Vout = 9, X1 = Voc 
Vout = Voc, X1 = Vec 


loHx2s 
loLx2 
loLx2s 







Input leakage current: 
All except input port pins Vin =0 to Vec 
Input port pins Vin = 0 to Voc 


lozH Output off current high, 3-state data bus Vin = Voc 
loz- Output off current low, 3-state data bus Vin = OV -10 
loot Open-drain output low current in off-state Vin =0 -10 
lopH Open-drain output high current in off-state 
Power supply current® 
Operating mode 






=a3° 

- al|+ + shoe yy. ot 

: | je | eae ia 
paps | esas] <<lecelh 
















TTL input levels 
CMOS input levels 
TTL input levels 
CMOS input levels 





loc 






Power down mode 





NOTES: 
1. Parameters are valid over specified temperature range. 
2. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 5ns 


maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and 
output voltages of 0.8V and 2.0V, as appropriate. 
Typical values are at +25°C, typical supply voltages, and typical processing parameters. 
All outputs are disconnected. Inputs are switching between TTL levels of 2.4V and 0.4V or CMOS levels of Vcc -0.2V and Vsg + 0.2V. 
Ta > 0°C 
Ta < 0o°c 
LIMITS 
SYMBOL PARAMETER | Min | Typ? | Max | — UNIT 
Reset Timing (See Figure 1) 
AO-A3 setup time to RDN, WRN Low 
A0-A3 hold time from RDN, WRN Low 
CEN setup time to RDN, WRN Low 
WRN, RDN pulse width 
Data valid after RDN Low 
RDN Low to data bus active’ 
RDN High to data bus invalid’ 
Data setup time before WRN High 
Data hold time after WRN High 


Test conditions for outputs: C, = 150pF, except interrupt outputs. Test conditions for interrupt outputs: C, = 50pF, Ry = 2.7KQ to Vcc. 
AC CHARACTERISTICS": 2, 4 
Bus Timing® (See Figure 2) 
CEN hold time from RDN, WRN High 
Data bus floating after RDN High 
High time between reads and/or writes> © 


ae 
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AC CHARACTERISTICS (Continued) 2 4 


LIMITS 
SYMBOL PARAMETER | Min | Typ? | Max | — UNIT 


Port Timing® (See Figure 3) 


tps Port input setup time before RDN Low ns 
toy Port input hold time after RDN High ns 
tpp OP, output valid from WRN High 400 ns 


Interrupt Timing (See Figure 4) 











































INTRN (or OP3-OP7 when used as interrupts) negated from: 
Read RHR (RxRDY/FFULL interrupt) 
Write THR (TxRDY interrupt) 

Reset command (break change interrupt) 
Stop C/T command (counter interrupt) 
Read IPCR (input port change interrupt) 
Write IMR (clear of interrupt mask bit) 





Clock Timing (See Figure 5) 


X1/CLK High or Low time 
X1/CLK frequency 
CTCLK (IP2) High or Low time 
CTCLK (IP2) frequency® 
RxC High or Low time 
RxC frequency (16X)® 
(1X)8 
Tx@ High or Low time 
TxC frequency (16x) 
(1X)8 


Transmitter Timing (See Figure 6) 


ttxp TxD output delay from TxC Low -_ 350 ns 
tics Output delay from TxC Low to TxD data output 150 ns 


Receiver Timing (See Figure 7) 


taxs RxD data setup time to RxC High 240 
taxH RxD data hold time from RxC High 200 

ee 
Parameters are valid over specified temperature range. . 

All voltage measurements are referenced to ground (GND). For testing) all inputs swing between 0.4V and 2.4V with a transition time of 5ns 
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and 
output voltages of 0.8V and 2.0V, as appropriate. 

3. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 

Test conditions for outputs: C, = 150pF, except interrupt outputs. Test conditions for interrupt outputs: C, = S5O0pF, Ry = 2.7KQ to Vcc. 

Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing’ input. CEN 

and RDN (also CEN and WRN) are ORed internally. As a consequence, the signal asserted last initiates the cycle and the signal negated 

first terminates the cycle. 

6. If CEN is used as the ‘strobing’ input, the parameter defines the minimum High times between one CEN and the next. The RDN signal must 

be negated for tawp to guarantee that any status register etlaniges are valid. 

Guaranteed by characterization of sample units. 

Minimum frequencies are not tested but are guaranteed by eeaiane 

325ns maximum for Ta > 70°C. 













one 


Or 
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BLOCK DIAGRAM 

The SCC2692 DUART consists of the following 
eight major sections: data bus buffer, operation 
control, interrupt control, timing, communica- 
tions Channels A and B, input port and output 
port. Refer to the Block Diagram. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data buses. It 
is controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controllirig CPU and the DUART. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. It contains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. 


Interrupt Control 

A single active-Low interrupt output (INTRN) is 
provided which is activated upon the occur- 
rence of any of eight internal events. Asso- 
ciated with the interrupt system are the 
Interrupt Mask Register (IMR) and the Interrupt 
Status Register (ISR). The IMR can be pro- 
grammed to select only certain conditions to 
cause INTRN to be asserted. The ISR can be 
read by the CPU to determine all currently ac- 
tive interrupting conditions. 


Outputs OP3-OP7 can be programmed to pro- 
vide discrete interrupt outputs for the transmit- 
ter, receivers, and counter/timer. 


Timing Circuits 

The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
counter/timer, and four clock selectors. The 
crystaloscillator operates directly from acrystal 
connected across the X1/CLK and X2 inputs. 
Ifan external clock of the appropriate frequency 
is available, it may be connected to X1/CLK. 
The clock serves as the basic timing reference 
for the Baud Rate Generator (BRG), the coun- 
ter/timer, and other internal circuits. A clock 
signal within the limits specified in the specifica- 
tions section of this data sheet must always be 
supplied to the DUART. 


lf an external clock is used instead of a crystal, 
X1 should be driven using aconfiguration simi- 
lar to the one in Figure 5. - 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4K 
baud. A 3.6864MHz crystal or external clock 
must be used to get the standard baud rate. The 
clock outputs from the BRG are at 16X the ac- 
tual baud rate. The counter/timer can be used 
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as a timer to produce a 16X clock for any other 
baud rate by counting down the crystal clock or 
an external clock. The four clock selectors al- 
low the independent selection, for each receiv- 
er and transmitter, of any of these baud rates or 
external timing signal. 


The Counter/Timer (C/T) can be programmed 
to use one of several timing sources as its input. 
The output of the C/T is available to the the 
clock selectors and can also be programmed to 
be output at OP3. In the counter mode, the con- 
tents of the C/T can be read by the CPU and 
itcan be stopped and started under program 
control. In the timer mode, the C/T acts as a 
programmable divider. 


Communications 
Channels A and B 


Each communications channel of the 
SCC2692 comprises a full-duplex asynchro- 
nous receiver/transmitter (UART). The operat- 
ing frequency for each receiver and transmitter 
can be selected independently from the baud 
rate generator, the counter/timer, or from an ex- 
ternal input. 


The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 
the appropriate start, stop, and optional parity 
bits and outputs a composite serial stream of 
data on the TxD output pin. The receiver ac- 
cepts serial data on the RxD pin, converts this 
serial input to parallel format, checks for start 
bit, stop bit, parity bit (if any), or break condition 
and sends an assembled character to the CPU. 


Input Port 

The inputs to this unlatched 7-bit port can be 
read by the CPU by performing a read opera- 
tion at address H’D’. A High input results in a 
logic 1 while a Low input results in a logic 0. D7 
will always read as a logic 1. The pins of this 
port can also serve as auxiliary inputs to cer- 
tain portions fo the DUART logic. 


Four change-of-state detectors are provided 
which are associated with inputs IP3, IP2, IP 1 
and IPO. A High-to-Low or Low-to-High trans- 
ition of these inputs, lasting longer than 25 - 
50us, will set the corresponding bit in the input 
port change register. The bits are cleared 
when the register is read by the CPU. Any 
change-of-state can also be programmed to 
generate an interrupt to the CPU. 


The input port pulse detection circuitry uses a 
38.4KHz sampling clock derived from one of 
the baud rate generator taps. This results ina 
sampling period of slightly more than 25us (this 
assumes that the clock input is 3.6864MHz). 
The detection circuitry, in order to guarantee 
that a true change in level has occurred, re- 
quires two successive samples at the new logic 
level be observed. As aconsequence, the mini- 
mum duration of the signal change is 25ys if the 
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transition occurs “coincident with the first sam- 
ple pulse”. The 50us time refers to the situation 
in which the change-of-state is “just missed” 
and the first change-of-state is not detected un- 
til 25s later. 


Output Port 

The 8-bit multipurpose output port can be used 
as a general purpose output port, in which case 
the outputs are the complements of the Output 
Port Register (OPR). OPR(n) = 1 results in 
OP(n) = Low and vice versa. Bits of the OPR 
can be individuaily set and reset. A bit is set by 
performing a write operation at address H’E’ 
with the accompanying data specifying the bits 
to be reset (1 = set, 0 = no change). Likewise, 
a bit is reset by a write at address H’F’ with the 
accompanying data specifying the bits to be re- 
set (1 = reset, 0 = no change). 


Outputs can be also individually assigned spe- 
cific functions by appropriate programming of 
the Channel A mode registers (MR1A, MR2A), 
the Channel B mode registers (MR1B, MR2B), 
and the Output Port Configuration Register 
(OPCR). 


OPERATION 


Transmitter 

The SCC 2692 is conditioned to transmit data 
when the transmitter is enabled through the 
command register. The SCC2692 indicates to 
the CPU thatitis ready to accept acharacter by 
setting the TxRDY bit in the status register. 
This condition can be programmed to generate 
an interrupt requestatOP6 or OP7andINTRN. 
When a character is loaded into the Transmit 
Holding Register (THR), the above conditions 
are negated. Data is transferred from the hold- 
ing register to transmit shift register when it is 
idle or has completed transmission of the pre- 
vious character. The TxRDY conditions are 
then asserted again which means one full char- 
acter time of buffering is provided. Characters 
cannot be loaded into the THR while the trans- 
mitter is disabled. 


The transmitter converts the parallel data from 
the CPU to a serial bit stream on the TxD output 
pin. It automatically sends a start bit followed 
by the programmed number of data bits, an op- 
tional parity bit, and the programmed number of 
stop bits. The least significant bit is sent first. 
Following the transmission of the stop bits, ifa 
new character is not available in the THR, the 
TxD output remains High and the TxEMT bit in 
the Status Register (SR) will be setto 1. Trans- 
mission resumes and the TxEMT bit is cleared 
when the CPU loads a new character into the 
THR. 


If the transmitter is disabled, it continues oper- 
ating until the character currently being trans- 
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mitted is completely sent out. The transmitter 
can be forced to send a continuous Low condi- 
tion by issuing a send break command. 


The transmitter can be reset through a software 
command. If it is reset, operation ceases im- 
mediately and the transmitter must be enabled 
through the commandregister before resuming 
operation. If CTS operation is enable, the 
CTSN input must be Low in order for the 
character to be transmitted. If it goes High in 
the middle of a transmission, the character in 
the shift register is transmitted and TxDA then 
remains in the marking state until CTSN goes 
Low. The transmitter can also control the deac- 
tivation of the RTSN output. If programmed, 
the RTSN output will be reset one bit time after 
the character in the transmit shift register and 
transmit holding register (if any) are completely 
transmitted, if the transmitter has been dis- 
abled. 


Receiver 

The SCC2692 is conditioned to receive data 
when enabled through the command register. 
The receiver looks for a_High-to-Low 
(mark-to-space) transition of the start bit on the 
RxD input pin. If a transition is detected, the 
state of the RxD pin is sampled each 16X clock 
for 7-1/2 clocks (16X clock mode) or at the next 
rising edge of the bit time clock (1X clock 
mode). If RxD is sampled High, the start bit is 
invalid and the search for a valid start bit begins 
again. If RxD is still Low, a valid start bit is as- 
sumed and the receiver continues to sample 


the input at one bit time intervals at the theoreti- 


cal center of the bit, until the proper number of 
data bits and parity bit (if any) have been as- 
sembled, and one stop bit has been detected. 
The least significant bit is received first. The 
data is then transferred to the Receive Holding 
Register (RHR) and the RxRDY bitin the SR is 
set toa 1. This condition can be programmed 
to generate an interrupt at OP4 or OP5 and 


Table 1.. 
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INTRN. If the character length Is less than 8 
bits, the most significant unused bits in the RHR 
are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. Howev- 
er, if anon-zero character was received without 
a stop bit (framing error) and RxD remains Low 
for one half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new start bit transition had been detected at 
that point (one-half bit time after the stop bit was 
sampled). 


The parity error, framing error, and overrun er- 
ror (if any) are strobed into the SR at the re- 
ceived character boundary, before the RxRDY 
Status bit is set. Ifa break condition is detected 
(RxD is Low for the entire character including 
the stop bit), a character consisting of all zeros 
will be loaded into the RHR and the received 
break bit in the SR is set to 1. The RxD input 
must return to a High condition for at least 
one-half bit time before a search for the next 
Start bit begins. 


The RHReonsists of a First-In-First-Out (FIFO) 
stack with a capacity of three characters. Data 
is loaded from the receive shift register into the 
topmost empty position of the FIFO. The 
RxRDY bitin the status register is setwhenever 
one or more characters are available to be 
read, and a FFULL status bit is set if all three 
stack positions are filled with data. Either of 
these bits can be selected to cause an interrupt. 
A read of the RHR outputs the data at the top 
of the FIFO. After the read cycle, the data FIFO 
and its associated status bits (see below) are 
‘popped’ thus emptying a FIFO position for new 
data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are also appended to each data character in the 


‘$CC2692 Register Addressing 


| AO | READ (RDN = 0) WRITE (WRN = 0) : 


Mode Register A (MR1A, MR2A) 
Status Register A (SRA) 

Reserved 

Rx Holding Register A (RHRA) 
Input Port Change Register (IPCR) 
Interrupt Status Register (ISR) 
Counter/Timer Upper (CTU) 
Counter/Timer Lower (CTL) 

Mode Register B (MR1B, MR2B) 
Status Register B (SRB) 

Reserved 

Rx Holding Register B (RHRB) 
Reserved . 

Input Port (IPR) 

Start Counter Command 

Stop Counter Command 
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FIFO (overrun is not). Status can be provided 
in two ways, as programmed by the error mode 
control bit in the mode register. In the ‘charac- 
ter’ mode, status is provided on a charac- 
ter-by-character basis; the status applies only 
to the character at the top of the FIFO. In the 
‘block’ mode, the status provided in the SR for 
these three bits is the logical-OR of the status 
for all characters coming to the top of the FIFO 
since the last ‘reset error’ command was is- 
sued. In either mode reading the SR does not 
affect the FIFO. The FIFO is ‘popped’ only 
when the RHR is read. Therefore the status re- 
gister should be read prior to reading the FIFO. 


If the FIFO is full when a new character Is re- 
ceived, that characteris held in the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exits, the contents of the FIFO are not affected; 
the character previously in the shift register is 
lost and the overrun error status bit (SR[4] will 
be set-upon receipt of the start bit of the new 
(overrunning) character. 


The receiver can control the deactivation of 
RTS. If programmed to operate in this mode, 
the RTSN output will be negated when a valid 
start bit was received and the FIFO is full. 
When a FIFO position becomes available, the 
RTSN output will be re-asserted automatically. 
This feature can be used to preventan overrun, 
inthe receiver, by connecting the RTSN output 
to the CTSN input of the transmitting device. 


If the receiver is disabled, the FIFO characters 
canbe read. However, no additional characters 
can be received until the receiver is enabled 
again. If the receiver is reset, the FIFO and all 
of the receiver status, and the corresponding 
output ports and interrupt are reset. No addi- 
tional characters can be received until the re- 
ceiver is enabled again. 







Mode Register A (MR1A, MR2A) 
Clock Select Register A (CSRA) 
Command Register A (CRA) 

Tx Holding Register A (THRA) 
Aux. Control Register (ACR) 
Interrupt Mask Register (IMR) 
C/T Upper Register (CRUR) 
C/T Lower Register (CTLR) 
Mode Register B (MR1B, MR2B) 
Clock Select Register B (CSRB) 
Command Register B (CRB) 

Tx Holding Register B (THRB) 
Reserved 

Output Port Conf. Register (OPCR) 
Set Output Port Bits Command 
Reset Output Port Bits Command 
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Timeout Mode 

The timeout mode uses the received data 
stream to control the counter. Each time a re- 
ceived character is transferred from the shift 
register to the RHR, the counter is restarted. 
If a new character is not received before the 
counter reaches zero count, the counter ready 
bit is set, and an interrupt can be generated. 
This mode can be used to indicate when data 
has been left in the Rx FIFO for more than the 
programmed time limit. Otherwise, if the re- 
ceiver has been programmed to interrupt the 
CPU when the receive FIFO is full, and the 
message ends before the FIFO is full, the CPU 
may not know there is data left in the FIFO. The 
CTU and CTL value would be programmed for 
just over one character time, so that the CPU 
would be interrupted as soon as it has stopped 
receiving continuous data. This mode can also 
be used to indicate when the serial line has 
been marking for longer than the programmed 
time limit. In this case, the CPU has read all of 
the characters from the FIFO, but the last char- 
acter received has started the count. If there is 
no new data during the programmed time inter- 
val, the counter ready bit will get set, and an in- 
terrupt can be generated. 


This mode is enabled by writing the appropriate 
“command to the command register. Writing an 
‘Ax’ to CRA or CRB will invoke the timeout 
mode for that channel. Writing a‘Cx' to CRA or 
CRB will disable the timeout mode. The time- 
out mode should only be used by one channel 
at once, since it uses the C/T. CTU and CTL 
must be loaded with a value greater than the 
normal receive character period. The timeout 
mode disables the regular START/STOP 
Counter commands and puts the C/T into 
counter mode under the control of the received 
data stream. Each time a received characteris 
transferred from the shift register to the RHR, 
the C/T is stopped after 1 C/T clock, reloaded 
with the value in CTU and CTL and then re- 
started on the next C/T clock. If the C/T is al- 
lowed to end the count before a new character 
has been received, the counter ready bit, 
ISR{3], will be set. If IMR[3] is set, this will gen- 
erate an interrupt. Since receiving a character 
after the C/T has timed out will clear the counter 
ready bit, [SR[3], and the interrupt. Invoking the 
‘Set Timeout Mode On’ command, CRx = ‘Ax’, 
will also clear the counter ready bit and stop the 
counter until the next character is received. 


Multidrop Mode 

The DUART is equipped with a wake up mode 
for multidrop applications. This mode is se- 
lected by programming bits MR1A[4:3] or 
MR1B[4:3] to ‘11’ for Channels A and B, respec- 
tively. In this mode of operation, a ‘master’ sta- 
tion transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, with receivers that are 
normally disabled, examine the received data 
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stream and ‘wakeup’ the CPU (by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, and Ad- 
dress/Data (A/D) bit, and the programmed 
number of stop bits. The polarity of the 
transmitted A/D bit is selected by the CPU by 
programming bit MR1A[2])/MR1B[2]. 
MR1A[2)//MR1B[2] = 0 transmits a zero in the 
A/D bit position, which identifies the corre- 
sponding data bits as _ data while 
MR1A[2]/MR1B[2] = 1 transmits a one in the 
A/D bit position, which identifies the corre- 
sponding data bits as an address. The CPU 
should program the mode register prior to load- 
ing the corresponding data bits into the THR. 


In this mode, the receiver continuously looks at 
the received data stream, whether it is enabled 
or disabled. If disabled, it sets the RxRDY sta- 
tus bit and loads the character into the RHR 
FIFO if the received A/D bit is a one (address 
tag), but discards the received character if the 
received A/D bitis a zero (data tag). If enabled, 
all received characters are transferred to the 
CPU via the RHR. In either case, the data bits 
are loaded into the data FIFO while the A/D bit 
is loaded into the status FIFO position normally 
used for parity error (SRA[5] or SRB[5]). Fram- 
ing error, overrun error, and break detect oper- 
ate normally whether or not the receive is 
enabled. 


PROGRAMMING 

The operation of the DUART is programmed by 
writing control words into the appropriate regis- 
ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
The addressing of the registers is described in 
Table 1. 


The contents of certain control registers are ini- 
tialized to zero on RESET. Care should be ex- 
ercised if the contents of a register are changed 
during operation, since certain changes may 
cause operational problems. 


For example, changing the number of bits per 
character while the transmitter is active may 
cause the transmission of an incorrect charac- 
ter. In general, the contents of the MR, the 
CSR, and the OPCR should only be changed 
while the receiver(s) and transmitter(s) are not 
enabled, and certain changes to the ACR 
should only be made while the C/T is stopped. 


Mode registers 1 and 2 of each channel are ac- 
cessed via independent auxiliary pointers. The 
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pointer is set to MR1X by RESET or by issuing 
a ‘reset pointer’ command via the correspond- 
ing command register. Any read or write of the 
mode register while the pointer is at MR1X, 
switches the pointer to MR2X. The pointer then 
remains at MR2X, so that subsequent ac- 
cesses are always to MR2X unless the pointer 
is reset to MR1X as described above. 


Mode, command, clock select, and status re- 
gisters are duplicated for each channel to pro- 
vide total independent operation and control. 
Refer to Table 2 for register bit descriptions. 
The reserved registers at addresses H‘02' and 
H'OA’ should never be read during normal op- 
eration since they are reserved for internal 
diagnostics. 


MR1A — Channel A Mode 


Register 1 

MRI1A is accessed when the Channel A MR 
pointer points to MR1. The pointeris set to MR1 
by RESET or by a ‘set pointer’ command 
applied via CRA. After reading or writing 
MR 1A, the pointer will point to MR2A. 


MR1A[7] — Channel A Receiver 
Request-to-Send Control 

This bit controls the deactivation of the RTSAN 
output(OP0) by the receiver. This output is nor- 
mally asserted by setting OPR[0] and negated 
by resetting OPR[0]. MRI1A[7] = 1 causes 
RTSAN to be negated upon receipt of a valid 
start bit if the Channel A FIFO is full. However; 
OPR[0O] is notresetand RTSAN will be asserted 
again when an empty FIFO position is avail- 
able. This feature can be used for flow control 
to prevent overrun in the receiver by using the 
RTSAN output signal to control the CTSN input 
of the transmitting device. 


MR1A[6] — Channel A Receiver 

Interrupt Select 

This bit selects either the Channel A receiver 
ready status (RxRDY) or the Channel A FIFO 
full status (FFULL) to be used for CPU inter- 
rupts. Italso causes the selected bit to be out- 
put on OP4 if itis programmed as an interrupt 
output via the OPCR. 


MR1A[5] — Channel A 

Error Mode Select 

This bit selects the operating mode of the three 
FlFOed status bits (FE, PE, received break) for 
Channel A. In the ‘character’ mode, status is 
provided on a character-by-character basis: 
the status applies only to the character at the 
top of the FIFO. Inthe ‘block’ mode, the status 
providedin the SR for these bits is the accumu- 
lation (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the last 
‘reset error’ command for Channel A was is- 
sued. 
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MR1A[4:3| — Channel A Parity Mode Select 
If ‘with parity’ or ‘force parity’ is selected a parity 
bitis added to the transmitted character and the 
receiver performs a parity check on incoming 
data MR1A[4:3] = 11 selects Channel A to oper- 
ate in the special multidrop mode described in 
the Operation section. 


MR1A[2] — Channel A Parity Type Select 
This bit selects the parity type (odd or even) if 
the ‘with parity’ mode is programmed by 
MR1A[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. It 
has no effect if the ‘no parity’ mode is pro- 
grammed. In the special multidrop mode it se- 
lects the polarity of the A/D bit. 


MR1A[1:0] - Channel A Bits Per Character 
Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, par- 
ity, and stop bits. 


MR2A — Channel A Mode 

Register 2 

MR2A is accessed when the Channel A MR 
pointer points to MR2, which occurs after any 
access to MR1A. Accesses to MR2A do not 
change the pointer. 


MR2A[7:6] — Channel A Mode 

Select 

Each channel of the DUART can operate in.one 

of four modes. MR2A[7:6] = 00 is the normal 

mode, with the transmitter and receiver operat- 

ing independently. MR2A[7:6] = 01 places the 

channel in the automatic echo mode, which au- 

tomatically retransmits the received data. The 

following conditions are true while in automatic 

echo mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


nN 


The receive clock is used for the transmit- 
ter. 


@ 


The receiver must be enabled, but the 
transmitter need not be enabled. 


The Channel A TxRDY and TxEMT status 
bits are inactive. 


> 


o 


The received parity is checked, but is not 
regenerated for transmission, i.e. trans- 
mitted parity bit is as received. 


> 


Character framing is checked, but the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 
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8. CPU to receiver communication continues 
normally, but the CPU to transmitter link is 
disabled. 


Two diagnostic modes can also be configured. 


MR2A[7:6] = 10 selects local loopback mode. | 


In this mode: 
1. The transmitter output is internally con- 
nected to the receiver input. 


2. The transmit clock is used for the receiv- 
er. 


3. The TxDA output is held High. 
4. The RxDA input is ignored. 


5. The transmitter must be enabled, but the 
receiver need not be enabled. 


6. CPU to transmitter and receiver communi- 
cations continue normally. 


The second diagnostic mode is the remote 

loopback mode, selected by MR2A[7:6] = 11. 

In this mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 


3. Received data is not sent to the local 
CPU, and the error status conditions are 
inactive. 


4. The received parity is not checked and is 
not regenerated for transmission, i.e., 
transmitted parity is as received. 


5. The receiver must be enabled. 


6. Character framing is not checked, and the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 


The user must exercise care when switching 
into and out of the various modes. The se- 
lected mode will be activated immediately upon 
mode selection, even if this occurs in the middle 
of a received or transmitted character. Like- 
wise, if a mode is deselected the device will 
switch out of the mode immediately. An excep- 
tion to this is switching out of autoecho or re- 
mote loopback modes: if the de-selection 
occurs just after the receiver has sampled the 
stop bit (indicated in autoecho by assertion of 
RxRDY), and the transmitter is enabled, the 
transmitter will remain in autoecho mode until 
the entire stop has been re-transmitted. 
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MR2A[5] — Channel A Transmitter 
Request-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the transmitter. This output is 
normally asserted by setting OPR[0] and ne- 
gated by resetting OPR[0O]. MR2A[5] = 1 
causes OPR(0] to be reset automatically one bit 
time after the characters in the Channel A trans- 
mit shift register and in the THR, if any, are com- 
pletely transmitted including the programmed 
number of stop bits, if the transmitter is not en- 
abled. This feature can be used to automatical- 
ly terminate the transmission of a message as 
follows: 

1. Program auto-reset mode: MR2A[5] = 1. 


2. Enable transmitter. 

3. Assert RTSAN: OPR[O] = 1. — 
4. Send message. 

5 


. Disable transmitter after the last character 
is loaded into the Channel A THR. 


The last character will be transmitted and 
OPR[O] will be reset one bit time after the 
last stop bit, causing RTSAN to be ne- 
gated. 


2 


MR2A[4] — Channel A Clear-to-Send 
Control 

Ifthis bitis 0, CTSAN has no effecton the trans- 
mitter. If this bitis a 1, the transmitter checks 
the state of CTSAN (IPO) each time it is ready 
to send a character. If IPO is asserted (Low), 
the character is transmitted. lf it is negated 
(High), the TxDA output remains in the marking 
state and the transmission is delayed until 
CTSAN goes low. Changes in CTSAN while a 
character is being transmitted do not affect the 
transmission of that character.. 


MR2A[3:0] - Channel A Stop Bit Length 
Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 1-9/16 to 2 bits, inincre- 
ments of 1/16 bit, can be programmed for char- 
acter lengths of 6, 7, and 8 bits. For a character 
lengths of 5 bits, 1-1/16 to 2 stop bits can be pro- 
grammedin increments of 1/16 bit. Inallcases, 
the receiver only checks for a ‘mark’ condition 
at the center of the first stop bit position (one bit 
time after the last data bit, or after the parity bit 
is enabled). 


If an external 1X clock is used for the transmit- 
ter, MR2A[3] = 0 selects one stop bit and 
MR2A[3] = 1 selects two stop bits to be 
transmitted. 
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Table 2. Register Bit Formats 


BIT 7 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


RxRTS RxINT ERROR PARITY BITS PER 
CONTROL SELECT MODE PARITY MODE TYPE CHARACTER 


0 = RxRDY O = Char 00 = With Parity 00 =5 

1 =FFULL - 1 = Block 01 = Force Parity 01 =6 
10 = No Parity 10=7 
11 = Multidrop Mode 


_ BIT7 


TxRTS CTS 
| CHANNEL MODE CONTROL ENABLE Tx 


00 = Normal / 4=0.813 
01 = Auto-Echo 5 = 0.875 
10 = Local loop 6 = 0.938 
11 = Remote loop 7 = 1.000 





NOTE: 
“Add 0.5 to values shown for 0 — 7 if channel is programmed for 5 bits/char. 











BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO 


RECEIVER CLOCK SELECT : TRANSMITTER CLOCK SELECT 


BIT 7 BIT6 BIT 5 BIT 4 BIT 2 BIT 0 
MISCELLANEOUS COMMANDS DISABLE Tx | ENABLETx | DISABLERx | ENABLE Rx 


CRA See Text 0 =No 0 = No ~0O=No 0 = No 
CRB 1 = Yes 1 = Yes 1 = Yes 1 = Yes 


BIT 7 BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 0 


RECEIVED FRAMING PARITY OVERRUN 


SRA 0=No 0 =No 0 =No 0=No 0=No 0 =No 0 = No 0 =No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 




























NOTE: 

* These status bits are appended to the corresponding data character in the receive FIFO. A read of the status provides these bits (7:5) from 
the top of the FIFO together with bits (4:0). These bits are cleared by a “reset error status" command. In character mode they are discarded 
when the corresponding data character is read from the FIFO. 









BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
se le Oe ee 


OPCR 0=OPR[7) | 0=OPRI6] | 0=OPRI5) | 0 = OPRI4] 00 = OPRI3] 11 = OPR[2] 
1=TxRDYB | 1=TxRDYA | 1=RxRDY/ | 1 = RxRDY/ 01 = C/T OUTPUT 01 = TxCA(16X) 
FFULLB FFULLA 10 = TxCB(1X) 10 = TxCA(1X) 
11 = RxCB(1X) 11 = RxCA(1X) 









































BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 - BITO 
BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA 
SELECT MODE AND SOURCE IP 3INT IP 2 INT IP 1 INT IP OINT 

ACR O = set 1 ee  0=Off O = Off 0 = Off 0 = Off 
1=set2 i 1=On 1=On 1=On 1=On 
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Table 2. 











IPCR 0=No 


1 = Yes 


0 =No. 
1 = Yes 





INPUT 
PORT 


CHANGE 





0 = No 
1 = Yes 


O=No 
1 = Yes 





IN. PORT 
CHANGE 
INT © 









CTLR 





MR1B — Channel B Mode’ 
Register 1 


MR1B is accessed when the Channel B MR 
pointer points to MR1. The pointer is setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRB. After reading or writing 
MR 1B, the pointer will point to MR2B. 


The bit definitions for this register are identical 
to MR1A, except that all control actions apply 
to the Channel B receiver and transmitter and 
the corresponding inputs and outputs. 


MR2B — Channel B Mode 
Register 2 


MR2B is accessed when the Channel B MR. 


pointer points to MR2, which occurs after any 
access to MR1B. Accesses to MR2B do not 
change the pointer. 


The bit definitions for mode register are identi- 
cal to the bit definitions for MR2A, except that 
all control actions apply to the Channel B re- 
ceiver and transmitter and the corresponding 
inputs and outputs. 
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Register Bit Formats (Continued) 


. BITT BIT 6 ‘BITS BIT 4 BIT 3 


DELTA DELTA | 3 
IP3 IP 2 IP 1 IPO 


DELTA DELTA 
QO=No © 0 = No 0 = Low 
1 = Yes 1 = Yes 1 = High 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


DELTA RxRDY/ COUNTER | DELTA RxRDY/ 
BREAKB | FFULLB | 'XRDYB READY | BREAKA | FFULLA | XRDYA 


0=No 
1 = Yes 


0=No 
1 = Yes 


0=No 
1 = Yes 





RxRDY/ 
FFULLB 
INT 


0 = Off 
1=On 


COUNTER 
READY 
INT 


0 = Off 
1=On 


TxRDYB 
INT 


0 = Off 
1=On 


BIT 7 BIT 6 BITS - BIT 4 BIT 2 BIT 0 
onmey_ | entra) | entra oni “or 


TT cry C/T[6] C/T[5] C/T[4] cif3} | Cry] C/T[1] C/T[O} 


CSRA — Channel A Clock Select 
Register. 


CSRA[7:4] — Channel A Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel A transmitter. The field definition is 
shown in Table 3. 


CSRA[3:0] — Channel A Transmitter Clock 
Select 

This field selects the baud rate clock for the 
ChannelA transmitter. The field definition is as 
shown in Table 3, except as follows: 


CSRA[3:0] ACR[7]=0 ACR[7]=1 
1110 IP3-16X —‘ IP3-16X 
1111 IP3-1X IP3-1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRA[3:0] = 1111. . 
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BIT 2 BIT 1 BITO 











~ 0=Low 
1 = High 


0 = Low 


0 = Low 
1 = High | 


BIT 0 





0 = No 
1 = Yes 


0 = No 
- {= Yes 


0=No 
1 = Yes 






RxRDY/ 
FFULLA 
INT 


0 = Off 
1=On 


TxRDYA 
INT 


0 = Off 
1=On 


0 = Off 
1=On 









Table 3. Baud Rate 


50 75 
110 110 
134.5 134.5 
200 150 
300 300 
600 600 
1,200 1,200 
1,050 2,000 
2,400 
4,800 


1,800 
9,600 
19.2K 
Timer 
IP4-16X IP4-16X 
IP4-1X IP4-1X 


NOTE: The receiver clock is always a 16X 
clock except for CSRA[7:4] = 1111. 


2,400 
4,800 


7,200 
9,600 
38.4K 
Timer 
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CSRB — Channel B Clock Select 
Register 


CSRB[7:4] — Channel B Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel B receiver. The field definition is as 
shown in Table 3, except as follows: 


CSRB[7:4]  ACR[7]=0 ACR[7] =1 
1110 IP6-16X  IP6-16X 
1111 IP6-1X IP6-1X 


The receiver clock is always a 16X clock except 
for CSRB[7:4] = 1111. 


CSRB[3:0] — Channel B Transmitter Clock 
Select 

This field selects the baud rate clock for the 
Channel Btransmitter. The field definition is as 
shown in Table 3, except as follows: 


CSRB[3:0] ACR[7]=0 ACR[7] =1 
1110 IP5-16X IP5-16X 
1111 IP5-1X IP5-1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[3:0] = 1111. 


CRA — Channel A Command 
Register 

CRA is a register used to supply commands to 
Channel A. Multiple commands can be speci- 
fied in a single write to CRA as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


CRA[7:4] - Miscellaneous Commands 
The encoded value of this field may be used to 
specify a single command as follows: 


CRA[6:4] COMMAND 

0000 No command. 

0001 Reset MR pointer. Causes the Channel 
A MR pointer to point to MR1. 

Reset receiver. Resets the Channel A 
receiver as if a hardware reset had been 
applied. The receiver is disabled and 
the FIFO is flushed. 

Reset transmitter. Resets the Channel 
A transmitter as if a hardware reset had 
been applied. 

Reset error status. Clears the Channel 
A Received Break, Parity Error, and 
Overrun Error bits in the status register 
(SRA[7:4]). Used in character mode to 
clear OE status (although RB, PE and 
FE bits will also be cleared) and in block 
mode to clear all error status after a 
block of data has been received. 

Reset Channel A break change inter- 
rupt. Causes the Channel A break de- 
tect change bit in the interrupt status 
register (ISR[2]) to be cleared to zero. 
Start break. Forces the TxDA output 
Low (spacing). If the transmitter is 
empty the start of the break condition will 
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0010 


0011 


0100 


0101 


0110 


be delayed up to two bit times. If the 
transmitter is active the break begins 
when transmission of the character is 
completed. Ifa character is in the THR, 
the start of the break will be delayed until 
that character, or any other loaded 
subsequently are transmitted. The 
transmitter must be enabled for this 
command to be accepted. 

Stop break. The TxDA line will go High 
(marking) within two bit times. TxDA will 
remain High for one bit time before the 
next character, if any, is transmitted. 
Assert RTSN. Causes the RTSN output 
to be asserted (Low). 

Negate RTSN. Causes the RTSN out- 
put to be negated (High). 

Set Timeout Mode On. The receiver in 
this channel will restart the C/T as each 
receive character is transferred from the 
shift register to the RHR. The C/T is 
placed in the counter mode, the START/ 
STOP counter commands are disabled, 
the counter is stopped, and the Counter 
Ready Bit, ISR[3], is reset. 

Not used. 

Disable Timeout Mode. This command 
returns control of the C/T to the regular 
START/STOP counter commands. It 
does not stop the counter, or clear any 
pending interrupts. After disabling the 
timeout mode, a ‘Stop Counter’ com- 
mand should be issued 

Not used. 

Power Down Mode On. In this mode, 
the DUART oscillator is stopped and all 
functions requiring this clock are sus- 
pended. The execution of commands 
other than disable power down mode 
(1111) requires a X1/CLK. While in the 
power down mode, do not issue any 
commands to the CR except the disable 
power down mode command. The con- 
tents of all registers will be saved while 
in this mode. . It is recommended that 
the transmitter and receiver be disabled 
prior to placing the DUART into power 
down mode. This command is in CRA 
only. 

Disable Power Down Mode. This com- 
mandrestarts the oscillator. After invok- 
ing this command, wait for the oscillator 
to start up before writing further com- 
mands to the CR. This command is in 
CRA only. 


CRA[3] — Disable Channel A 

Transmitter . 

This command terminates transmitter opera- 
tion and resets the TxDRY and TxEMT status 
bits. However, if a character is being trans- 
mitted or if a character is in the THR when the 
transmitter is disabled, the transmission of the 
character(s) is completed before assuming the 
inactive state. 


0111 


1000 


1001 


1010 


1011 


1100 


1101 
1110 


1111 
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CRA[2] — Enable Channel A 

Transmitter 

Enables operation of the Channel A transmitter. 
The TxRDY status bit will be asserted. 


CRA[1] — Disable Channel A Receiver 

This command terminates operation of the re- 
ceiver immediately — a character being re- 
ceived will be lost. The command has no effect 
on the receiver status bits or any other control 
registers. If the special multidrop mode is pro- 
grammed, the receiver operates even if itis dis- 
abled. See Operation section. 


CRA[0] — Enable Channel A Receiver 
Enables operation of the Channel A receiver. 
If not in the special wakeup mode, this also 
forces the receiver into the search for start bit 
State. 


CRB — Channel B Command 
Register 

CRB Is a register used to supply commands to 
Channel B. Multiple commands can be speci- 
fied in a single write to CRB as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


The bit definitions for this register are identical 
to the bit definitions for CRA, with the exception 
of comamnds “Ex” and “Fx” which are used for 
power downmode. These two commands are 
not used in CRB. All other control actions that 
apply to CRA also apply to CRB. 


SRA — Channel A Status 
Register 


SRA[7] — Channel A Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received: further 
entries to the FIFO are inhibited until the RxDA 
line to the marking state for at least one-half a 
bit time (two successive edges of the internal or 
external 1X clock). 


When this bit is set, the Channel A ‘change in 
break’ bit in the ISR (ISR[2]) is set. ISR[2] is 
also set when the end of the break condition, as 
defined above, is detected. 


The break detect circuitry can detect breaks 
that originate in the middle of a received char- 
acter. However, if a break begins in the middle 
of a character, it must persist until at least the 
end of the next character time in order for it to 
be detected. 
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SRA[6] — Channel A Framing Error 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. . 


SRA[5] — Channel A Parity Error 

This bit is set when the ‘with parity’ or ‘force par- 
ity’ mode is programmed and the correspond- 
ing character in the FIFO was received with 
incorrect parity. 


‘In the special multidrop mode the parity error bit 
stores the receive A/D bit. 


SRA[4] — Channel A Overrun Error 

This bit, when set, indicates that one or more 
characters in the received data stream have 
beenlost. Itis set uponreceipt of anew charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. | 


This bitis cleared by a ‘reset error status’ com- 
mand. 


SRA[3] —- Channel A Transmitter Empty 
(TXEMTA) 

This bit willbe setwhen the Channel A transmit- 
ter underruns; i.e., both the Transmit Holding 
Register (THR) and the transmit shift register 
are empy. Itis set after transmission of the last 
stop bit of a character if no character is in the 
THR awaiting transmission. Itis reset when the 
THRis loaded by the CPU orwhen the transmit- 
ter is disabled. 


SRA[2] — Channel A Transmitter Ready 
(TxRDYA) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
the CPU andis set when the character is trans- 
ferred to the transmit shift register. TxRDY is 
resetwhen the transmitter is disabled andis set 
when the transmitter is first enabled, e.g., char- 
acters loaded into the THRwhile the transmitter 
is disabled will not be transmitted. 


SRA(1] - Channel A FIFO Full (FFULLA) 
This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
Ifa characteris waiting in the receive shift regis- 
ter because the FIFO is full, FFULL will not be 
reset when the CPU reads the RHR.: 
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SRA[0] — Channel A Receiver Ready 
(RxRDYA) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. Itis set when the character is trans- 
ferred from the receive shift to the FIFO and re- 
set when the CPU reads the RHR, if after this 
read there are not more characters still in the 
FIFO. | . 


SRB — Channel B Status 

Register 

The bit definitions for this register are identical 
to the bit definitions for SRA, except that all sta- 
tus applies to the Channel Breceiver and trans- 
mitter and the corresponding inputs and 
outputs. 


OPCR — Output Port 
Configuration Register 


OPCR{[7] — OP7 Output Select 

This bit programs the OP7 output to provide 
one of the following: 

— The complement of OPR{[7]. 


— The Channel B transmitter interrupt output 
which is the complement of TxRDYB. 
When in this mode OP7 acts as an open- 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR{[6] — OP6 Output Select 

This bit programs the OP6 output to provide 
one of the following: 

— The complement of OPR{6}. 


— The Channel A transmitter interrupt output 
which is the complement of TXRDYA. 
When in this mode OP6 acts as an open- 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[5] — OP5 Output Select 

This bit programs the OP5 output to provide 

one of the following: 

— The complement of OPR{5). 

— The Channel B transmitter interrupt output 
which is the complement of ISR[5]. When 
in this mode OPS acts as an open-drain 
output. Note that this output is not masked 
by the contents of the IMR. 


OPCR[4] - OP4 Output Select 


This field programs the OP4 output to provide 


one of the following: 

— The complement of OPR[4]. 

~— The Channel A receiver interrupt output 
which is the complement of ISR[1}. When 
in this mode OP4 acts as an open-drain 
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output. Note that this outputis not 
masked by the contents of the IMR. 


OPCR[3:2] — OP3 Output Select 

This bit programs the OP3 output to provide 

one of the following: 

— The complement of OPR{3]. 

— The counter/timer output, in which case 
OP3 acts as an open-drain output. In the 
timer mode, this output is a square wave at 
the programmed frequency. In the counter 
mode, the output remains High until termi- 
nal count is reached, at which time it goes 
Low. The output returns to the High state 
when the counter is stopped by a stop 
counter command. Note that this output is 
not masked by the contents of the IMR. 


— The 1X clock for the Channel B transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel B receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


OPCR[1:0] — OP2 Output Select 

This field programs the OP2 output to provide 

one of the following: 

— The complement of OPR[2]. 

— The 16X clock for the Channel A transmit- 
ter. This is the clock selected by 
CSRAJ[3:0], and will be a 1X clock if 
CSRA[3:0] = 1111. 

— The 1X clock for the Channel A transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 


— The 1X clock for the Channel A receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


ACR -— Auxiliary Control 
Register a 
ACR[7] — Baud Rate Generator Set Select 


This bit selects one of two sets of baud rates to 
be generated by the BRG: 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05K, 1.2K, 2.4K, 4.8K, 7.2K, 
9.6K, and 38.4K baud. 

Set 2: 75, 110, 134.5, 150, 300, 600, 


1.2K, 1.8K, 2.0K, 2.4K, 4.8K, 9.6K, 
and 19.2K baud. 
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The selected set of rates is available for use by 
the Channel A and Breceivers and transmitters 
as described in CSRA and CSRB. Baud rate 
generator characteristics are given in Table 4. 


Table 4. Bit Rate Generator 
Characteristics 
Crystal or Clock = 
3.6864MHz 


ACTUAL 
16X CLOCK 


ERROR (%) 





NOTE: 
Duty cycle of 16X clock is 50% + 1%. 


ACR[6:4] — Counter/Timer Mode And 
Clock Source Select 

This field selects the operating mode of the 
counter/timer and its clock source as shown in 
Table 5. 


Table 5. ACR 6:4 Field 


Definition 


a | MODE CLOCK SOURCE 


Counter | External (IP2) 
Counter | TxCA — 1X clock of 
Channel A transmitter 
TxCB — 1X clock of 
Channel B transmitter 
Crystal or external clock 
(X1/CLK) divided by 16 
External (IP2) 

External (IP2) divided 
by 16 

Crystal or external clock 
(X1/CLK) 

Crystal or external clock 
(X1/CLK) divided by 16 













Counter 










Counter 

















Timer 
Timer 





Timer 











Timer 





ACR[3:0] —IP3, IP2, IP1, IPO 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register (ISR[7]) to be 
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set. Ifa bit is in the ‘on’ state the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. Ifa bit 
is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7:4] — IP3, 1P2, 1P1, IPO 
Change-of-State 

These bits are set when a change-of-state, as 
defined in the input port section of this data 
sheet, occurs at the respective input pins. They 
are cleared when the IPCR is read by the CPU. 
A read of the IPCR alsoclears ISR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to 
generate’an interrupt to the CPU. 


IPCR[3:0] — IP3, IP2, IP1, IPO 
Change-of-State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the input pins at the 
time the IPCR ts read. 


ISR — Interrupt Status Register 

This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the Interrupt Mask Register 
(IMR). If a bit in the ISR is a‘1' and the corre- 
sponding bit in the IMR is also a‘1', the INTRN 
output will be asserted (Low). If the corre- 
sponding bit in the IMR is a zero, the state of 
the bit in the ISR has no effect on the INTRN 
output. Note that the IMR does not mask the 
reading of the ISR — the true status will be pro- 
vided regardless of the contents of the IMR. 
The contents of this register are initialized to 


00;g when the DUART is reset. 


ISR[7] — Input Port Change Status 

This bitis a‘1’ when a change-of-state has oc- 
curred at the IPO, IP1, IP2, or IP3 inputs and 
that eventhas been selected to cause an inter- 
rupt by the programming of ACR[3:0]. The bit 
is cleared when the CPU reads the IPCR. 


ISR[6] ~ Channel B Change In Break 

This bit, when set, indicates that the Channel B 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel B ‘reset break change inter- 
rupt’ command. 


ISR[5] - Channel B Receiver Ready 

or FIFO Full 

The function of this bit is programmed by 
MR1B[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel B andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
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If after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis setwhen acharacter is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel B FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
Ifacharacter is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the waiting character is loaded into 
the FIFO. 


ISR[4] — Channel B Transmitter Ready 
This bit is a duplicate of TxRDYB (SRB[2)). 


ISR[3] —- Counter Ready. 


In the counter mode, this bit is set when the 
counter reaches terminal count and is reset 
when the counter is stopped by a stop counter 
command. 


In the timer mode, this bitis setonce each cycle 
of the generated square wave (every other time 
thatthe counter/timer reaches zero count). The 
bit is reset by a stop counter command. The 


command, however, does not stop the counter/ 


timer. 


ISR[2] - Channel A Change in Break 

This bit, when set, indicates that the ChannelA 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel A ‘reset break change inter- 
rupt’ command. 


ISR[1] - Channel A Receiver Ready Or 
FIFO Full 

The function of this bit is programmed by 
MR1A[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel A andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
lf after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis setwhen acharacter is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel A FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
Ifacharacter is waiting in the receive shiftregis- 
ter because the FIFO is full, the bit will be set 
again when the ISR[O] and IMR waiting charac- 
ter is loaded into the FIFO. 


ISR[O] - Channel A Transmitter Ready 
This bit is a duplicate of TxXRDYA (SRA[Q2]). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR causes an interrupt output. Ifa 
bit in the ISR is a ‘1’ and the corresponding bit 
inthe IMR Is also a‘1’ the INTRN output will be 
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asserted. If the corresponding bitin the IMR is 
a zero, the state of the bit in the ISR has no ef- 
fect on the INTRN output. Note that the IMR 
does not mask the programmable interrupt out- 
puts OP3-OP7 or the reading of the ISR. 


CTUR and CTLR — Counter/Timer 
Registers 

The CTUR and CTLR hold the eight MSBs and 
eight LSBs, respectively, of the value to be 
used by the counter/timer in either the counter 
or timer modes of operation. The minimum va- 
lue which may be loaded into the CTUR/CTLR 
registers is.H'0002’. Note that these registers 
are write-only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
C/T generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR and CTLR is 
changed, the current half-period will not be af- 
fected, but subsequent half periods will be. The 
C/T will not be running until it receives an initial 


‘Start Counter’ command (read at address 
A3-A0 = 1110). After this, while in timer mode, 
the C/T will run continuously. Receipt of a start 
counter command (read with A3-AO = 1110) 
causes the counter to terminate the current tim- 
ing cycle and to begin anew cycle using the va- 
lues in CTUR and CTLR. 


The counter ready status bit (ISR[3}) is setonce 
each cycle of the square wave. The bitis reset 
by a stop counter command (read with A3-A0 
= H'F’). The command however, does not stop 
the C/T. The generated square wave is output 
on OP3 if it is programmed to be the C/T 
output. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR and CTLR 
by the CPU. Counting begins upon receipt of 
a start counter command. Upon reaching ter- 
minal count H‘0000’, the counter ready inter- 
rupt bit (ISR[3}) is set. The counter continues 
counting past the terminal count until stopped 
by the CPU. If OP3 is programmed to be the 


RESETN 


DO0-D7 
(WRITE) 
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tRES 


Figure 1. Reset Timing 


‘CH 


output of the C/T, the output remains High until 
terminal countis reached, at which time it goes 
Low. The output returns to the High state and 
ISR[3] is cleared when the counter is stopped 
by a stop counter command. The CPU may 
change the values of CTUR and CTLR at any 
time, but the new count becomes effective only 
on the next start counter commands. If new val- 
ues have not been loaded, the previous count 
values are preserved and used for the next 
count cycle 


inthe counter mode, the current value of the up- 
per and lower 8 bits of the counter (CTU, CTL) 
may be read by the CPU. It is recommended 
that the counter be stopped when reading to 
prevent potential problems which may occur if 
a carry from the lower 8 bits to the upper 8 bits 
occurs between the times that both halves of 
the counter are read. However, note that a sub- 
sequent start counter command will cause the 
counter to begin anewcountcycle using the va- 
lues in CTUR and CTLR. 


——— tRwo-———- > 


Figure 2. Bus Timing 
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(a) INPUT PINS 


OLD DATA NEW DATA 


(b) OUTPUT PINS 


Figure 3. Port Timing 


INTERRUPT! 
OUTPUT 


INTERRUPT' 
OUTPUT 


NOTES: 
1. INTRN or OP3-OP7 when used as interrupt outputs. 


2. The test for open-drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from the midpoint of the switching 


signal, Vu, to a point 0.5V above Vx. This point represents noise margin that assures true switching has occurred. Beyond this level, the effects of external circuitry and 
test environment are pronounced and can greatly affect the resultant measurement. 


Figure 4. Interrupt Timing 
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X1/CLK 
CTCLK 
RxC 
TxC 


*NOTE: X2 CAN BE LEFT OPEN OR 
GROUNDED WHEN X1 IS DRIVEN. 


C1 = C2 ~ 24pF FOR C, = 20pF SCC2692 


TYPICAL CRYSTAL SPECIFICATION 


FREQUENCY 2-4 MHz 
LOAD CAPACITANCE (C,) 12-32 pF, 
TYPE OF OPERATION | PARALLEL RESONANT, FUNDAMENTAL MODE 


Figure 5. Clock Timing 


1 BIT TIME 
(1 OR 16 CLOCKS) ——— > 
TxC 
(INPUT) 





Txc 
(1X OUTPUT) 





Figure 6. Transmitter External Clocks 


November 5, 1990 150 


Philips Components—Signetics Data Communication Products 


Product Specification 





Dual asynchronous receiver/transmitter (DUART) 


RxC 
(1X INPUT) 


Figure 7. Receiver External Clock 


| 
TRANSMITTER 


ENABLED _ 
TxRDY 
(SR2) Ne | 


iw & 
WRN Y DY r 
D2 


D3. START 
BREAK 


( 


OPR(0) = 1 


NOTES: 
1. Timing shown for MR2(4) = 1. 
2. Timing shown for MR2(5) = 1. 


Figure 8. Transmitter Timing 
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RxD 
D6, D7, D8 WILL BE LOST 


RECEIVER 
ENABLED 


RxRDY 
(SRO) 


FFULL 
(SR1) 


RxRDY/ 
FFULL 
(OP5)? 


RDN wy 


STATUS DATA STATUS DATA. STATUS DATA. STATUS DATA 
ad 


| 
| 
D1 | DSWIkL pg D3 Da 
OVERRUN | BELO 

(SR4) RESET BY COMMAND 


| 


oe 
(OPO) 
OPR(0) = 1 
NOTES: 
1. Timing shown for MR1(7) = 1. 
2. Shown for OPCR(4) = 1 and MR(6) = 0. 
Figure 9. Receiver Timing 


MASTER STATION 


TxD 


BIT 9 BIT 9 
-—______ 
I bg 


TRANSMITTER 
ENABLED 


TxRDY 
(SR2) 


WRN -—__ 


MR1(4-3) = 11 ADD#1MR1(2) = 0 DO MR1(2) = 1 ADD#2 
MR1(2) = 1 


PERIPHERAL STATION 
BIT 9 BIT 9 BIT 9 BIT 9 BIT 9 


2 
rab [ro] Po foie Soe Lb 8 


| 
RECEIVER | 
ENABLED ) , | 


| 
RxRDY 
(SRO) ) ; : Riencorenneetes Ys 
RDN/WRN to ee 


MR1(4—3) = 11 ADD#1 STATUS DATA STATUS DATA 
EEE, eT eur, pe? 
DO ADD#2 


Figure 10. Wake-Up Mode 
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Figure 11. Test Conditions on Outputs 
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DESCRIPTION 
The SC26C92 is a pin and function 

_ replacement for the 2692 with added 
features and deeper fifos. Its 
configuration on power up is that of the 
2692. Its differences from the 2692 are: 
8 character receiver, 8 character 
transmit fifos, receiver watch dog timer, 
mode register 0 is added, extended 
baud rate and overall faster speeds, 
programmable receiver and transmitter 
interrupts. 
The Signetics SC26C92 Dual Universal 
Asynchronous Receiver/Transmitter 
(DUART) is a single-chip CMOS-LSI 
communications device that provides 
two full-duplex asynchronous 







Document No.. 





ECN No. 


Date of Issue 


receiverftransmitter channels in a single | 


package. It interfaces directly with 
microprocessors and may be used ina 
polled or interrupt driven system. 


The operating mode and data format of 
each channel can be programmed 
independently. Additionally, each 
receiver and transmitter can select its 
operating speed as one of eighteen 
fixed baud rates, a 16X clock derived 
from a programmable counter/timer, or 


an external 1X or 16X clock. The baud | 


rate generator and counter/timer can 
operate directly from a crystal or from 
external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the DUART particularly attractive 
for dual-speed channel applications 
such as clustered terminal systems. 


Each receiver is buffered by eight - 
character fifos to minimize the potential 
of receiver ovey-run or to reduce 
interrupt overhead in interrupt driven 
systems. In addition, a flow control 
capability is provided to disable a 


$C26C92 


Dual asynchronous 
receiver/transmitter (DUART) 


remote transmitter when the receive 
buffer is full. 
Also provided on the SC26C92 are a 
multipurpose 7-bit input port and a 
multipurpose 8-bit output port. These 
can be used as general purpose I/O 
ports or can be assigned specific 
functions (such as clock inputs or 
status/interrupt outputs) under program 
control. . 

The SC26C92 is available in three 
package versions: 40-pin and 28-pin, 
0.6” wide, DIPs and a 44-pin PLCC. 


FEATURES 

@ Dual full-duplex independent asynch- 
ronous receiver/transmitters 

® 8 character Fifos for each receiver and 
transmitter | 

@ Programmable data format 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force parity 
— 1, 1.5 or 2 stop bits programmable 

in 1/16-bit increments 
@ Programmable baud rate for each 


receiver and transmitter selectable 
from: 


— 18 fixed rates: 50 to 38.4k baud 


2 Other baud rates to 230.4k baud at 
16X 


— Programmable user-defined rates 
derived from a programmable 
counter/imer 


— External 1X or 16X clock 


® Parity, framing, and overrun error 
detection 


@ False start bit detection 


@ Line break detection and generation 
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@ Programmable channel mode 
— Normal (full-duplex) 
— Automatic echo 
— Local loopback 
— Remote loopback 
@ Multi-function 7-bit input port 
- — Can serve as clock or control inputs 
-— Change of state detection on four 
inputs 
® Multi-function 8-bit output port 
— Individual bit set/reset capability 
— Outputs can be programmed to be 
Status/interrupt signals 
® Versatile interrupt system 


— Single interrupt output with eight 
maskable interrupting conditions 


— Output port can be configured to 
provide a total of up to six separate 
wire-ORable interrupt outputs 


— Each fifo can be programmed for 
four different interrupt levels 


— Watch dog timer for each receiver 


@ Maximum data transfer rates: 
1X — 1MB/sec, 16X — 1Mb/sec 


@ Automatic wake-up mode for multidrop 
applications 


® Start-end break interrupt/status 


@ Detects break which originates in the 
middie of a character 


@ On-chip crystal oscillator 
® Power down mode 


“e@ Receiver timeout mode 


® Commercial, industrial and military 
temperature range versions 


© TTL compatible 
® Single +5V power supply 
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PIN CONFIGURATIONS 


TOP VIEW 


PIN/FUNCTION PIN/FUNCTION 


AQ 
IP3 
Al 
iP 1 
A2 
A3 
IPO 
WRN 
RDN 
RXDB 
NC 
TXDB 
OP 1 
OP3 
OP5 
OP7 


ODN DOAWNDY = 





ORDERING INFORMATION 


DESCRIPTION Vec = +5V +5%, Ta = 0 to +70°C Vec = +5V +1 0%, Ta = -40 to +85°C 
40-Pin Cerdip SC26C92AC1F40 SC26C92AA1F40 
28-Pin Cerdip SC26C92AC1F28 SC26C92AA1F28 













40-Pin Plastic DIP SC26C92AC1N40 SC26C92AA1N40 
28-Pin Plastic DIP SC 26C92AC1N28 SC26C92AA1N28 
44-Pin Plastic LCC SC26C92AC1A44 SC26C92AA1A44 
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BLOCK DIAGRAM 
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poe | 
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INTERRUPT CONTROL 
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(AS ABOVE) 


iE 


ee IN 


INPUT PORT 


CHANGE OF 
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IPCR 
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TIMING 


INTERNAL OATABUS 


UL 


| 
’ 
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GENERATOR 


CLOCK 
SELECTORS 


= 
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= 
= 
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TIMER OUTPUT PORT 
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X1/CLK 


X2 


leas 
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PIN DESCRIPTION 


SYMBOL | APPLICABLE 
aoa [28 
CEN 





















































TYPE NAME AND FUNCTION 


Data Bus: Bidirectional 3-State data bus used to transfer commands, data and status between the 
DUART and the CPU. DO is the least significant bit. 


Chip Enable: Active-Low input signal. When Low, data transfers between the CPU and the 
DUART are enabled on DO-D7 as controlled by the WRN, RDN and AO-A3 inputs. When High, 
places the DO-D7 lines in the 3-State condition. 


Write Strobe: When Low and CEN is also Low, the contents of the data bus is loaded into the 
addressed register. The transfer occurs on the rising edge of the signal. 














WRN 





RDN Read Strobe: When Low and CEN is also Low, causes the contents of the addressed register to 


be presented on the data bus. The read cycle begins on the falling edge of RDN. 











A0-A3 
RESET 


Address Inputs: Select the DUART internal registers and ports for read/write operations. 


Reset: A High level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts OPO-OP7 
in the High state, stops the counter/timer, and puts Channels A and B in the inactive state, with the 
TXxDA and TxDB outputs in the mark (High) state. 


Interrupt Request: Active-Low, open-drain, output which signals the CPU that one or more of the 
eight maskable interrupting conditions are true. 






INTRN 






X1/CLK Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be 
supplied at all times. When a crystal is used, a capacitor must be connected from this pin to 


ground (see Figure 5). 






X2 Crystal 2: Connection for other side of the crystal. When acrystal is used, a capacitor must be 


connected from this pin to ground (see Figure 5). If X1/CLK is driven from an external source, this 
pin can be left open or connected to ground. 


Channel A Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, 
“space” is Low. 


Channel B Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, 
. “space” is Low. 


Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This 
output is held in the “mark” condition when the transmitter is disabled, idle or when operating in 
local loopback mode. “Mark” is High, “space” is Low. 


Channel B Transmitter Serial Data Output: The least significant bit is transmitted first. This 
output is held in the ‘mark’ condition when the transmitter is disabled, idle, or when operating in 
local loopback mode. ‘Mark’ is High, ‘space’ is Low. 


Output 0: General purpose output or Channel A request to send (RTSAN, active-Low). Can be 
deactivated automatically on receive or transmit. 


Output 1: General purpose output or Channel B request to send (RTSBN, active-Low). Can be 
deactivated automatically on receive or transmit. 


Output 2: General purpose output, or Channel A transmitter 1X or 16X clock output, or Channel A 
receiver 1X clock output. 


Output 3: General purpose output or open-drain, active-Low counter/timer output or Channel B 
transmitter 1X clock output, or Channel B receiver 1X clock output. 


Output 4: General purpose output or Channel A open-drain, active-Low, RxRDYAN/FFULLAN 
output. 


Output 5: General purpose output or Channel B open-drain, active-Low, RXRDYBN/FFULLBN 
output. 


Output 6: General purpose output or Channel A open-drain, active-Low, TxRDYAN output. 
Output 7: General purpose output, or Channel B open-drain, active-Low, TXRDYBN output. 
Input 0: General purpose input or Channel A clear to send active-Low input (CTSAN). 
Input 1: General purpose input or Channel B clear to send active-Low input (CTSBN). 
Input 2: General purpose input or counter/timer external clock input. 


Input 3: General purpose input or Channel A transmitter external clock input (TXCA). When the 
external clock is used by the transmitter, the transmitted data is clocked on the falling edge of the 
clock. 
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PIN DESCRIPTION (Continued) 


SYMBOL | APPLICABLE | TYPE NAME AND FUNCTION | 
- 40,44 | 28 | 


input 4: General purpose input or Channel A receiver external clock input (RxCA). When the ex- 
ternal clock is used by the receiver, the received data is sampled on the rising edge of the clock. 
Input 5: General purpose input or Channel B transmitter external clock input (TxCB). When the 

























external clock is used by the transmitter, the transmitted data is clocked on the falling edge of the 
clock. 


Input 6: General purpose input or Channel B receiver external clock input (RxCB). When the ex- 
ternal clock is used by the receiver, the received data is sampled on the rising edge of the clock. 


Power Supply: +5V supply input. 


- X 
Xx ‘Ground 





[Po | Powerdsspaton® ——=SSCSC*dtC*C*C*‘iaC* 
NOTES: 


1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 
implied. 

For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 
Parameters are valid over specified temperature range. 

Maximum power dissipation of the chip when outputs are loaded externally. For operating current, see DC Electrical Characteristics. 


or 


si 
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DC ELECTRICAL CHARACTERISTICS! 2 3 


LIMITS 
SYMBOL PARAMETER TESTCONDITIONS | Min | Typ | Max | UNIT 






























Vit Input low voltage 
Vin Input high voltage (except X1/CLK) 2.0 
Vin Input high voltage (X 1/C LK) 0.8Vcc 


Vo Output low voltage lo. = 2.4mA 
Vou Output high voltage (except OD outputs)* low = -400pA Voc -0.5 


X1/CLK input current - power down Vin = 0 to Voc 
X1/CLK input low current - operating Vin =O 
X1/CLK input high current - operating Vin = Voc 


Vout = Vcc, X1 = 0 
Vout = 0, X1 =0 
Vout = 0, X1 = Voc 
Vout = Vcc, X1 = Vec 




















X2 output high current - operating 
X2 output high short circuit current - operating 

X2 output low current - operating 

X2 output low short circuit current - operating and 
power down 









Input leakage current: 
All except input port pins Vin =0 to Voc 
Input port pins Vin =0 to Voc 


lozH Output off current high, 3-State data bus Vin = Voc 
lozt Output off current low, 3-State data bus Vin = OV -10 
loot Open-drain output low current in off-state Vin = 0 -10 
lopH Open-drain output high current in off-state 
Power supply current® 
Operating mode 















TTL input levels 
CMOS input levels 
TTL input levels 
CMOS input levels 







Power down mode 






NOTES: 

1. Parameters are valid over specified temperature range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 5ns 
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and 
output voltages of 0.8V and 2.0V, as appropriate. 

3. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 


Test conditions for outputs: C_ = 150pF, except interrupt outputs. Test conditions for interrupt outputs: C, = SOpF, Rp = 2.7KQ to Vcc. 
All outputs are disconnected. Inputs are switching between TTL levels of 2.4V and 0.4V or CMOS levels of Vcc -0.2V and Vgg + 0.2V. 


a 


AC CHARACTERISTICS: 2 4 


LIMITS 
SYMBOL PARAMETER | Min | Typ? | Max | 


| Reset Timing (See Figure 1) 


fas [ReSeTeewaR CO 


Bus Timing® (See Figure 2) 


AO-A3 setup time to RDN, WRN Low 
AO-A3 hold time from RDN, WRN Low 
CEN setup time to RDN, WRN Low 
CEN hold time from RDN, WRN High 
WRN, RDN pulse width 

Data valid after RDN Low 

RDN Low to data bus active’ 

Data bus floating after RDN High 
RDN High to data bus invalid’ 

Data setup time before WRN High 
Data hold time after WRN High 

High time between reads and/or writes> © 
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AC CHARACTERISTICS! 2; 4 (Continued) 


. "LIMITS 
SYMBOL PARAMETER | Min | Typ? | Max | UNIT 


Port Timing® (See Figure 3) 


tps Port input setup time before RDN Low ns 
try Port input hold time after RDN High ns 
tpp OP, output valid from WRN High 110 ns 


Interrupt Timing (See Figure 4) 























INTRN (or OP3-OP7 when used as interrupts) negated from: 
Read RHR (RxRDY/FFULL interrupt) 
Write THR (TxRDY interrupt) 

Reset command (break change interrupt) 
Stop C/T command (counter interrupt) 
Read IPCR (input port change interrupt) 
Write IMR (clear of interrupt mask bit) 




















Clock Timing (See Figure 5) 





X1/CLK High or Low time 
X1/CLK frequency 
CTCLK (IP2) High or Low time 
CTCLK (IP2) frequency® 
RxC High or Low time 
RxC frequency (16X)® 

(1 X)8. 9 
TxC High or Low time 
TxC frequency, (16X)® 
(1X)8 9 


Transmitter Timing (See Figure 6) 


ttxp TxD output delay from TxC Low 120 
ttcs Output delay from TxC Low to TxD data output _ 50 


Receiver Timing (See Figure 7) 


taxs RxD data setup time to RxC High 100° 
taxH RxD data hold time from RxC High 100 
NOTES: 
1. Parameters are valid over species temperature range. 
2. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 5ns 


maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and 
output voltages of 0.8V and 2.0V, as appropriate. 













3. Typical values are at +25°C, typical supply voltages, and typical processing nalainelerss. 
4. Test conditions for outputs: C_ = 150pF, except interrupt outputs. Test conditions for interrupt outputs: CL = 50pF, R, = 2.7KQ to Vcc. 
5. Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing’ input. CEN 


and RDN (also CEN and WRN) are ORed internally. As a consequence, the signal asserted last initiates the cycle and the signal negated 
first terminates the cycle. 
6. If CEN is used as the ‘strobing’ input, the parameter defines the minimum High times between one CEN and the next. The RDN signal must 
be negated for tawp to guarantee that any status register changes are valid. 
Guaranteed by characterization of sample units. 
Minimum frequencies are not tested but are guaranteed by design. 
Clocks for 1X mode should be symetrical. 


CoM 
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BLOCK DIAGRAM 

The SC26C92 DUART consists of the following 
eight major sections: data bus buffer, operation 
control, interrupt control, timing, communica- 
tions Channels A and B, input port and output 
port. Refer to the Block Diagram. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data buses. It 
is controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and the DUART. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. Itcontains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. 


interrupt Control 

A single active-Low interrupt output (INTRN) is 
provided which is activated upon the occur- 
rence of any of eight internal events. Asso- 
ciated with the interrupt system are the 
Interrupt Mask Register (IMR) and the Interrupt 
Status Register (ISR). The IMR can be pro- 
grammed to select only certain conditions to 
cause INTRN to be asserted. The ISR can be 
read by the CPU to determine all currently ac- 
tive interrupting conditions. 


Outputs OP3-OP7 can be programmed to pro- 
vide discrete interrupt outputs for the transmit- 
ter, receivers, and counter/timer. 


When OP3 to OP7 are programmed as inter- 
rupts, their output buffers are changed to the 
open drain active low configuration. 


Timing Circuits 

The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
counter/timer, and four clock selectors. The 
crystal oscillator operates directly from acrystal 
connected across the X1/CLK and X2 inputs. 
lfan external clock of the appropriate frequency 
is available, it may be connected to X1/CLK. 
The clock serves as the basic timing reference 
for the Baud Rate Generator (BRG), the coun- 
ter/timer, and other internal circuits. A clock 
signal within the limits specified in the specifica- 
tions section of this data sheet must always be 
supplied to the DUART. 


If an external is used instead of a crystal, X1 
should be driven using a configuration similar 
to the one in Figure 5. 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4K 
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baud. Programming bit 0 of MRO to a “1” gives 
additional baud rates of 57.6kB, 115.2kB and 
230.4kB. These will be in the 16X mode. A 
3.6864MHz crystal or external clock must be 
used to get the standard baud rate. The clock 
Outputs from the BRG are at 16X the actual 
baud rate. The counter/timer can be used asa 
timer to produce a 16X clock for any other baud 
rate by counting down the crystal clock or an ex- 
ternal clock. The four clock selectors allow the 
independent selection, for each receiver and 
transmitter, of any of these baud rates or exter- 
nal timing signal. 


The Counter/Timer (C/T) can be programmed 
to use one of several timing sources as its input. 
The output of the C/T is available to the the 
clock selectors and can also be programmed to 
be output at OP3. In the counter mode, the con- 
tents of the C/T can be read by the CPU and 
itcan be stopped and started under program 
control. In the timer mode, the C/T acts as a 
programmable divider. 


Communications 

Channels A and B 

Each communications channel of the 
SC26C92 comprises a full-duplex asynchro- 
nous receiver/transmitter (UART). The operat- 
ing frequency for each receiver and transmitter 
can be selected independently from the baud 
rate generator, the counter/timer, or from an ex- 
ternal input. 


The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 
the appropriate start, stop, and optional parity 
bits and outputs a composite serial stream of 
data on the TxD output pin. The receiver ac- 
cepts serial data on the RxD pin, converts this 
serial input to parallel format, checks for start 
bit, stop bit, parity bit (if any), or break condition 
and sends an assembled character to the CPU 
via the receive FIFO. Three status bits (Break, 
Framing and Parity Errors) are also FiFOed 
with each data character, 


Input Port 

The inputs to this unlatched 7-bit port can be 
read by the CPU by performing a read opera- 
tion at address H'D’. A High input results in a 
logic 1 while a Low input results ina logic 0. D7 
will always read as alogic 1. The pins of this 
port can also serve as auxiliary inputs to cer- 
tain portions fo the DUART logic. 


Four change-of-state detectors are provided 
which are associated with inputs IP3, IP2, IP 1 
and IPO. A High-to-Low or Low-to-High trans- 
ition of these inputs, lasting longer than 25 - 
50us, will set the corresponding bit in the input 
port change register. The bits are cleared 
when the register is read by the CPU. Any 
change-of-state can also be programmed to 
generate an interrupt to the CPU. 
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The input port pulse detection circuitry uses a 
38.4KHz sampling clock derived from one of 
the baud rate generator taps. This results in a 
sampling period of slightly more than 25us (this 
assumes that the clock input is 3.6864MHz). 
The detection circuitry, in order to guarantee 
that a true change in level has occurred, re- 
quires two successive samples at the new logic 
level be observed. As a consequence, the mini- 
mum duration of the signal change is 25yps if the 
transition occurs “coincident with the first sam- 
ple pulse”. The 50us time refers to the situation 
in which the change-of-state is “just missed” 
and the first change-of-state is not detected un- 
til 25y1s later. 


Output Port 

This 8-bit output port is a general purpose out- 
put andis controlled by the OPR and the OPCR 
registers. The OPR register is set and reset by 
writing to the SOPR and ROPR addresses. 
(See the description of the SOPR and ROPR 
registers). The output pins will drive the inverse 
data polarity of the OPR registers. The OPCR 
register conditions these output to be controlled 
by the OPR or by other signals in the chip. 


OPERATION 


Transmitter 

The SC26C92 is conditioned to transmit data 
when the transmitter is enabled through the 
command register. The SC26C92 indicates to 
the CPU thatitis ready to accept a character by 
setting the TxRDY bit in the status register. 
This condition can be programmed to generate 
an interrupt requestatOP6 or OP7 and INTRN. 
When the transmitter is initially enabled the 
TxRDY and TxEMPTY bits will be setin the sta- 
tus register. When a character is loaded to the 
transmit fifo the TXEMPTY bit will be reset. The 
TXEMPTY will not set until: 1) the transmit fifo 
is empty and the transmit shift register has fin- 
ished transmitting the stop bit of the last charac- 
ter written to the transmit fifo, or 2) the 
transmitter is disabled and then re-enabled. 
The TxRDY bit is set whenever the transmitter 
is enabled and the TxFIFO is not full. Data is 
transferred from the holding register to transmit 
shift register when it is idle or has completed 
transmission of the previous character. Char- 
acters cannot be loaded into the THR while the 
transmitter is disabled. 


The transmitter converts the parallel data from 
the CPU to a serial bit stream on the TxD output 
pin. It automatically sends a start bit followed 
by the programmed number of data bits, an op- 
tional parity bit, and the programmed number of 
stop bits. The least significant bit is sent first. 
Following the transmission of the stop bits, ifa 
new character is not available in the THR, the 
TxD output remains High and the TxEMT bit in 
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the Status Register (SR) will be set to 1. Trans- 
mission resumes and the TxEMT bit is cleared 
when the CPU loads a new character into the 
THR. 


lf the transmitter is disabled, it continues oper- 
ating until the character currently being trans- 
mitted is completely sent out. The transmitter 
can be forced to send a continuous Low condi- 
tion by issuing a send break command. 


The transmitter can be reset through a software 
command. If it is reset, operation ceases im- 
mediately and the transmitter must be enabled 
through the command register before resuming 
operation. If CTS operation is enable, the 
CTSN input must be Low in order for the 
character to be transmitted. If it goes High in 
the middle of a transmission, the character in 
the shift register is transmitted and TxDA then 
remains in the marking state until CTSN goes 
Low. The transmitter can also control the deac- 
tivation of the RTSN output. If programmed, 
the RTSN output will be reset one bit time after 
the character in the transmit shift register and 
transmit holding register (if any) are completely 
transmitted, if the transmitter has been dis- 
abled. 


Receiver 
The SC26C92 is conditioned to receive data 
when enabled through the command register. 
The receiver looks for a _High-to-Low 
(mark-to-space) transition of the start bit on the 
RxD input pin. If a transition is detected, the 
state of the RxD pin is sampled each 16X clock 
for 7-1/2 clocks (16X clock mode) or at the next 
rising edge of the bit time clock (1X clock 
mode). If RxD is sampled High, the start bit is 
invalid and the search for a valid start bit begins 
again. If RxD is still Low, a valid start bit.is as- 
sumed and the receiver continues to sample 
the input at one bit time intervals at the theoreti- 
cal center of the bit, until the proper number of 
data bits and parity bit (if any) have been as- 
sembled, and one stop bit has been detected. 
The least significant bit is received first. The 
data is then transferred to the Receive Holding 
Register (RHR) and the RxRDY bit in the SR is 
set toa 1. This condition can be programmed 
to generate an interrupt at OP4 or OP5 and 
INTRN. If the character length is less than 8 
bits, the most significant unused bits in the RHR 
are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. Howev- 
er, ifanon-zero character was received without 
a stop bit (framing error) and RxD remains Low 
for one half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new start bit transition had been detected at 
that point (one-half bit time after the stop bitwa 

sampled). 
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The parity error, framing error, and overrun er- 
ror (if any) are strobed into the SR at the re- 
ceived character boundary, before the RxRDY 
status bitis set. Ifa break condition is detected 
(RxD is Low for the entire character including 
the stop bit), a character consisting of all zeros 
will be loaded into the RHR and the received 
break bit in the SR is set to 1. The RxD input 
must return to a High condition for at least 
one-half bit time before a search for the next 
start bit begins. 


The RHR consists of a First-In-First-Out (FIFO) 
stack with a capacity of eight characters. Data 
is loaded from the receive shift register into the 
topmost empty position of the FIFO. The 
RxRDY bitin the status register is setwhenever 
one or more characters are available to be 
read, and a FFULL status bit is set if all eight 
stack positions are filled with data. Either of 
these bits can be selected to cause an interrupt. 
A read of the RHR outputs the data at the top 
of the FIFO. After the read cycle, the data FIFO 
and its associated status bits (see below) are 
‘popped’ thus emptying a FIFO position for new 
data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are also appended to each data character in the 
FIFO (overrun is not). Status can be provided 
in two ways, as programmed by the error mode 
control bit in the mode register. In the ‘charac- 
ter’ mode, status is provided on a charac- 
ter-by-character basis; the status applies only 
to the character at the top of the FIFO. In the 
‘block’ mode, the status provided in the SR for 
these three bits is the logical-OR of the status 
for all characters coming to the top of the FIFO 
since the last ‘reset error’ command was is- 
sued. In either mode reading the SR does not 
affect the FIFO. The FIFO is ‘popped’ only 
when the RHRis read. Therefore the status re- 
gister should be read prior to reading the FIFO. 


If the FIFO is full when a new character is re- 
ceived, that characteris heldin the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exits, the contents of the FIFO are not affected; 
the character previously in the shift register is 
lost and the overrun error status bit (SR[4] will 
be set-upon receipt of the start bit of the new 
(overrunning) character). 


The receiver can control the deactivation of 
RTS. If programmed to operate in this mode, 
the RTSN output will be negated when a valid 
start bit was received and the FIFO is full. 
When a FIFO position becomes available, the 
RTSN output will be re-asserted automatically. 
This feature can be used to preventan overrun, 
in the receiver, by connecting the RTSN output 
to the CTSN input of the transmitting device. 
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If the receiver is disabled, the FIFO characters 
canbe read. However, no additional characters 
can be received until the receiver is enabled 
again. If the receiver is reset, the FIFO and all 
of the receiver status, and the corresponding 
output ports and interrupt are reset. No addi- 
tional characters can be received until the re- 
ceiver is enabled again. 


Timeout Mode 

In addition to the watch dog timer described in 
the receiver section, the counter/timer may be 
used for a similar function. Its programmability, 
of course, allows much greater precision of 
time out intervals. 


The timeout mode uses the received data 
stream to control the counter. Each time a re- 
ceived character is transferred from the shift 
register to the RHR, the counter is restarted. 
lf a new character is not received before the 
counter reaches zero count, the counter ready 
bit is set, and an interrupt can be generated. 
This mode can be used to indicate when data 
has been left in the Rx FIFO for more than the 
programmed time limit. Otherwise, if the re- 
ceiver has been programmed to interrupt the 
CPU when the receive FIFO is full, and the 
message ends before the FIFO is full, the CPU 
may not know there is data left in the FIFO. The 
CTU and CTL value would be programmed for 
just over one character time, so that the CPU 
would be interrupted as soon as ithas stopped 
receiving continuous data. This mode can also 
be used to indicate when the serial line has 
been marking for longer than the programmed 
time limit. In this case, the CPU has read all of 
the characters from the FIFO, but the last char- 
acter received has started the count. If there is 
no new data during the programmed time inter- 
val, the counter ready bit will get set, and an in- 
terrupt can be generated. 


This mode is enabled by writing the appropriate 
command to the command register. Writing an 
‘Ax’ to CRA or CRB will invoke the timeout 
mode for that channel. Writing a ‘Cx’ to CRA or 
CRB will disabie the timeout mode. The time- 
out mode should only be used by one channel 
at once, since it uses the C/T. CTU and CTL 
must be loaded with a value greater than the 
normal receive character period. The timeout 
mode disables the regular START/STOP 
Counter commands and puts the C/T into 
counter mode under the control of the received 
data stream. Each time areceived character is 
transferred from the shift register to the RHR, 
the C/T is stopped after 1 C/T clock, reloaded — 


with the value in CTU and CTL and then re- 


started on the next C/T clock. If the C/T is al- 
lowed to end the count before a new character 
has been received, the counter ready bit, 
ISR[3], will be set. If IMR[3] is set, this will gen- 
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erate an interrupt. Since receiving a character 
after the C/T has timed out will clear the counter 
ready bit, ISR[3], and the interrupt. Invoking the 
‘Set Timeout Mode On’ command, CRx = ‘Ax’, 
will also clear the counter ready bit and stop the 
counter until the next character is received. 


Multidrop Mode 

The DUART is equipped with a wake up mode 
for multidrop applications. This mode is se- 
lected by programming bits MR1A[4:3] or 
MR1B[4:3] to‘11' for Channels A and B, respec- 
tively. In this mode of operation, a ‘master’ sta- 
tion transmits an address character followed by 
data characters for the addressed ‘slave' sta- 
tion. The slave stations, with receivers that are 
normally disabled, examine the received data 
stream and ‘wakeup’ the CPU (by setting 
RxRDY) only upon receipt of an address char- 
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acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, and Ad- 
dress/Data (A/D) bit, and the programmed 
number of stop bits. The polarity of the 
transmitted A/D bit is selected by the CPU by 
programming bit MR1A[2}/MR1B[2]. 
MR1A[2]/MR1B[2] = 0 transmits a zero in the 
A/D bit position, which identifies the corre- 
sponding data bits as data while 
MR1A(2]/MR1B[2] = 1 transmits a one in the 
A/D bit position, which identifies the corre- 
sponding data bits as an address. The CPU 
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should program the mode register prior to load- 
ing the correspending data bits into the THR. 


In this mode, the receiver continuously looks at 
the received data stream, whether itis enabled 
or disabled. If disabled, it sets the RxRDY sta- 
tus bit and loads the character into the RHR 
FIFO if the received A/D bit is a one (address 
tag), but discards the received character if the 
received A/D bit is a zero (data tag). If enabled, 
all received characters are transferred to the 
CPU via the RHR. In either case, the data bits 
are loaded into the data FIFO while the A/D bit 
is loaded into the status FIFO position normally 
used for parity error (SRA[5] or SRB[5]). Fram- 
ing error, overrun error, and break detect oper- 
ate normally whether or not the receive is 
enabled. 
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PROGRAMMING 

The operation of the DUART is prog ane by 
writing control words into the appropriate regis- 
ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
The addressing of the registers is described in 
Table 1. 


The contents of certain control registers are ini- 
tialized to zeroon RESET. Care should be ex- 
ercised if the contents of aregister are changed 
during operation, since certain changes may 
cause operational problems. 


For example, changing the number of bits per 
character while the transmitter is active may 


cause the transmission of an incorrect charac- 
ter. In general, the contents of the MR, the 
CSR, and the OPCR should only be changed 
while the receiver(s) and transmitter(s) are not 
enabled, and certain changes to the ACR 
should only be made while the C/T is stopped. 


Each channel has 3 more registers (MRO, 1, 2) 
which control the basic configuration of the 
channel. Access to these registers is controlled 
by independent MR address pointers. These 
pointers are set to 0 or 1 by MR control com- 
mands in the command register “Miscella- 
neous Commands”. Each time the MR 
registers are accessed the MR pointer incre- 


Table 1. SC26C92 Register Addressing 
















ats mtrsrsri OOOO OOOCSO 
aw st est OOOOHHA2+0000 
—~OeFro_00=,0+0+0-0 





=4=O002200424~00-=00 





NOTE: 


' Status Register A (SRA) 


ee IR TE 


Mode an MR1A, MR2A) 


Reserved 
Rx Holding Register A (RHRA) 

Input Port Change Register (IPCR) 
Interrupt Status Register (ISR) 
Counter/Timer Upper (CTU) 
Counter/Timer Lower (CTL) 

Mode Register B (MROB, MR1B, MR2B) 
Status Register B (SRB) 

Reserved 

Rx Holding Register B (RHRB) 
Reserved 

Input Port (IPR) 

Start Counter Command 

Stop Counter Command 
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ments, stopping at MR2. It remains pointing to 
MRz2 until set to 0 or 1 via the miscellaneous 
commands of the command register. The point- 
er is set to 1 on reset for compatibility with the 
SC26C92. 


Mode, command, clock select, and status re- 
gisters are duplicated for each channel to pro- 
vide total independent operation and control. 
Refer to Table 2 for register bit descriptions. 
The reserved registers at addresses H'02’ and 
H'‘OA’ should never be read during normal op- 
eration since they are reserved for internal 
diagnostics. 


Mode Register A (MROA, MR1A, MR2A) 
Clock Select Register A (CSRA) 
Command Register A (CRA) 

Tx Holding Register A (THRA) 

Aux. Control Register (ACR) 

Interrupt Mask Register (IMR) 

C/T Upper Register (C RUR) 

C/T Lower Register (CTLR) 

Mode Register B (MROB, MR1B, MR2B) 
Clock Select Register B (CSRB) 
Command Register B (CRB) 

Tx Holding Register B (THRB) 
Reserved 

Output Port Conf. Register (OPCR) 

Set Output Port Bits Command 
Reset Output Port Bits Command 













The three MR Registers are accessed via the MR Pointer and Commands Ixh and dxh. (Where “x” represents receiver and transmitter enable/ 


disable control) 


The following named registers are the same for Channels 
A and B. 


These registers control the functions which service both 
Channels. 






















Mode Register Input Port Change Register 
Status Register Auxillary Control Register 
Clock Select Interrupt Status Register 


Command Register 
Receiver Fifo 
Transmitter Fifo 


Interrupt Mask Register 
Counter Timer Upper Value 
Counter Timer Lower Value 
Counter Timer Preset Upper 
Counter Timer Preset Lower 
Input Port Register 

Output Configuration Register 
Set Output Port Bits 
Reset Output Port Bits 


SSsvestzvvVSEVEeTD 
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Table 2. Register Bit Formats 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 




















MROA Rx WATCH RxINT (2) TxINT (1:0) DON’T TEST 1 TEST 2 BAUD RATE 

MROB DOG CARE EXTEND 
0 = Disable Set to 0 Set to 0 Set to 0 O = Normal 
1 = Enable 1 = Extend 





NOTE: 
MROB[3:0] are not inplemented. When writing to MROB set them to 0. A read of MROBJ[3:0] returns 1111. 


Rx CONTROLS Rx INT ERROR PARITY BITS PER 


MR1A 0 = RxRDY 0 = Char 00 = With Parity 

= FEU 1 = Block 01 = Force Parity 

10 = No Parity 

11 = Multidrop Mode 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


Tx CONTROLS CTS 
CHANNEL MODE ENABLE Tx STOP BIT LENGTH 


00 = Normal 4=0.813 3 
01 = Auto-Echo 5 = 0.875 5 
10 = Local loop 

11 = Remote loop 




















NOTE: 
“Add 0.5 to values shown for 0 — 7 if channel is programmed for 5 bits/char. 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 


RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT 


MISCELLANEOUS COMMANDS DISABLE Tx ENABLE Tx DISABLE Rx ENABLE Rx 


See Text 0 =No O0=No -Q=No 0=No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 
BIT 7 BIT 6 BIT 4 BIT 3 BIT 2 BIT O 


RECEIVED FRAMING PARITY OVERRUN 


SRA 0=No 0=No O=No | O=No 0 = No 0 = No 0 = No 0 =No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 







































NOTE: 
* These status bits are appended to the corresponding data character in the receive FIFO. A read of the status provides these bits (7:5) from 
the top of the FIFO together with bits (4:0). These bits are cleared by a “reset error status” command. In character mode they are discarded 


when the corresponding data character is read from the FIFO. 


BIT 7 BIT 6 BIT 5 BIT 4 | BIT 3 BIT 2 BIT 1 BIT 0 
ee aa a Ona Fe cee nae 


0=OPR{7} | 0=OPRI6é] | 0=OPR[5] | 0 = OPRI[4] 00 = OPR{3] 11 = OPR[2] 
1=TxRDYB | 1=TxRDYA | 1=RxRDY/ | 1 =RxRDY/ 01 = C/T OUTPUT 01 = TxCA(16X) 
FFULLB FFULLA 10 = TxCB(1X) 10 = TxCA(1X) 
11 = RxCB(1X) 11 = RxCA(1X) 
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| Table 2. Register Bit Formats (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BITO 


SOPR 0 = No Change 
. 1 = Set 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 
ROPR 0 = No Change 
1 = Reset 
BIT 7 BIT 6 BIT5 BIT 4 ‘BIT3s. BIT 2 BIT 0 


BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA 
SELECT MODE AND SOURCE IP 3 INT IP 2 INT IP 1 INT IP OINT 


ACR 0 = set 1 0 = Off 0 = Off 0 = Off 0 = Off 
1=set2 See Table 4 1=On 1=On 1=On 1=On 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT O 


DELTA DELTA DELTA DELTA aa 
|  IP3 IP 2 IP 1 IPO 


IPCR 0 =No Q=No 0=No Q=No 0 = Low 'O= Low. 0 = Low 0 = Low 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = High 1 = High 1 = High 1 = High 


BIT7 — BITE BITS BIT 4 BIT 3 BIT 2 BIT 0 


INPUT 
DELTA RxRDY/ COUNTER | DELTA RxRDY/ 
BREAKB | FFULLB | ‘*RDYB READY | BREAKA | FFULLA | [XRDYA 


PORT 
CHANGE 

0 =No 0=No Q=No O0=No 0=No 0 =No 0=No 
1 = Yes | 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 
















































0 =No 



















BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT O 
IN. PORT RxRDY/ | GOUNTER RxRDY/ 
CHANGE. FFULLB ae READY FFULLA ae 
INT INT INT INT 
0 - Off 0-0f 0 ~ Off 0 - Off 0 =Of 
1=On 1=On 1=On 1=On 1=On 1=On 1=On 1=On 


ors 


omy [ere 
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REGISTER DESCRIPTIONS 


Mode Registers 
MRO is accessed by setting the MR pointer to 
0 via the command register command D. 


MROA 


MRO[7] — This bit controls the receiver watch 
dog timer. 0 = disable, 1 = able. When enabled, 
the watch dog timer will generate a receiver in- 
terrupt if the receiver FIFO has not been ac- 
cessed within 64 bit times of the receiver 1X 
clock. This is used to alert the control processor 
that data is in the RHR that has not been read. 
This situation may occur when the last part of 
a message is not large enough to generate an 
interrupt. 


MRO[6] — Bit 2 of receiver FIFO interrupt level. 
This bit along with Bit 6 of MR1 sets the fill level 
of the 8 byte FIFO that generates the receiver 
interrupt. 


MRO[6] MR1[6] Interrupt Condition 


0 0 1 or more bytes in FIFO 
(Rx RDY) 

0 1 3 or more bytes in FIFO 

1 0 6 or more bytes in FIFO 

1 1 8 or more bytes in FIFO 


(Rx FULL) 
MRO[5:4] —~ Tx interrupt fill level. 


MRO[5] MRO[4] Interrupt Condition 


0 0 8 bytes empty 
(Tx EMPTY) 
0 1 4 or more bytes empty 
1 0 6 or more bytes empty 
1 1 1 or more bytes empty 
(Tx RDY) 


MRO[3] — Not used. Should be set to 0. 


MRO[2:1] — Test 1 and Test 2. Used for factory 
test. Set to 0 


MRO[0] — Baud rate extend. 0 = Normal baud 
rates. 1 = Extend baud rate. 57.6kB, 115.2kB, 
230.4kB. 


Note: MRO[3:0] are notusedin channel B. They 
should be set to 0. 


MR1A 

MRI1A is accessed when the Channel A MR 
pointer points to MR1. The pointeris set to MR1 
by RESET or by a ‘set pointer’ command 
applied via CR command 1. After reading or 
writing MR1A, the pointer will point to MR2A. 


MR1A[7] — Channel A Receiver 
Request-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the receiver. This outputis nor- 
mally asserted by setting OPR[0] and negated 
by resetting OPR[O]. MRIA[7] = 1 causes 
RTSAN to be negated upon receipt of a valid 
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start bit if the Channel A FIFO is full. However, 
OPR[O]is notresetand RTSAN will be asserted 
again when an empty FIFO position is avail- 
able. This feature can be used for flow control 
to prevent overrun in the receiver by using the 
RTSAN output signal to control the CTSN input 
of the transmitting device. 


MR1[6] — Bit 1 of the receiver interrupt control. 
See description under MRO[6]. 


MR1A[5] —- Channel A 

Error Mode Select 

This bit select the operating mode of the three 
FiFOed status bits (FE, PE, received break) for 
Channel A. In the ‘character’ mode, status is 
provided on a character-by-character basis; 
the status applies only to the character at the 
top of the FIFO. Inthe ‘block’ mode, the status 
provided in the SR for these bits is the accumu- 
lation (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the last 
‘reset error’ command for Channel A was is- 
sued. 


MR1A[4:3] — Channel A Parity Mode Select 
If ‘with parity’ or ‘force parity’ is selected a parity 
bit is added to the transmitted character and the 
receiver performs a parity check on incoming 
data MR1A[4:3] = 11 selects ChannelA to oper- 
ate in the special multidrop mode described in 
the Operation section. 


MR1A[2] — Channel A Parity Type Select 
This bit selects the parity type (odd or even) if 
the ‘with parity’ mode is programmed by 
MR1A[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. It 
has no effect if the ‘no parity’ mode is pro- 
grammed. In the special multidrop mode it se- 
lects the polarity of the A/D bit. 


MR1A[1:0] —- Channel A Bits Per Character 
Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, par- 
ity, and stop bits. 


MR2A — Channel A Mode 


Register 2 

MR2A is accessed when the Channel A MR 
pointer points to MR2, which occurs after any 
access to MR1A. Accesses to MR2A do not 
change the pointer. 


MR2A[7:6] — Channel A Mode 

Select 

Each channel of the DUART can operate in one 
of four modes. MR2A[7:6] = 00 is the normal 
mode, with the transmitter and receiver operat- 
ing independently. MR2A[7:6] = 01 places the 
channelin the automatic echo mode, which au- 
tomatically retransmits the received data. The 
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following conditions are true while in automatic 

echo mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 


3. The receiver must be enabled, but the 
transmitter need not be enabled. 


4. The Channel A TxRDY and TxEMT status 
bits are inactive. 


5. The received parity is checked, but is not 
regenerated for transmission, i.e. trans- 
mitted parity bitis as received. 


6. Character framing is checked, but the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 


8. CPU to receiver communication continues 
normally, but the CPU to transmitter link is 
disabled. 


Two diagnostic modes can also be configured. 

MR2A|7:6] = 10 selects local loopback mode. 

In this mode: 

1. The transmitter output is internally con- 
nected to the receiver input. 


2. The transmit clock is used for the receiv- 
er. 


3. The TxDA output is held High. 
4. The RxDA input is ignored. 


5. The transmitter must be enabled, but the 
receiver need not be enabled. 


6. CPU to transmitter and receiver communi- 
cations continue normally. 


The second diagnostic mode is the remote 

loopback mode, selected by MR2A[7:6] = 11. 

In this mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 


3. Received data is not sent to the local 
CPU, and the error status conditions are 
inactive. 


4. The received parity is not checked and is 
not regenerated for transmission, !.e., 
transmitted parity is as received. 


5. The receiver must be enabled. 


6. Character framing is not checked, and the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 


eum aly Sees 
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The user must exercise care when switching 
into and out of the various modes.. The se- 
lected mode will be activated immediately upon 
mode selection, even if this occurs in the middle 
of a received or transmitted character. Like- 
wise, if a mode is deselected the device will 
switch out of the mode immediately. An excep- 
tion to this is switching out of autoecho or re- 
mote loopback modes: if the de-selection 
occurs just after the receiver has sampled the 
stop bit (indicated in autoecho by assertion of 
RxRDY), and the transmitter is enabled, the 
transmitter will remain in autoecho mode until 
the entire stop has been re-transmitted. 


MR2A[5] — Channel A Transmitter 
Request-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the transmitter. This output is 
normally asserted by setting OPR[O] and ne- 
gated by resetting OPR[0]. MR2A[5] = 
caused OPR[O] to be reset automatically one 
bit time after the characters in the Channel A 
transmit shiftregister andin the THR, ifany, are 
completely transmitted including the pro- 
grammed number of stop bits, if the transmitter 
is not enabled. This feature can be used to au- 
tomatically terminate the transmission of a 
message as follows: 

1. Program auto-reset mode: MR2A[5] = 1. 


Enable transmitter. 
Asset RTSAN: OPR[O] = 1. 


Send message. 


OF ee oS 


Disable transmitter after the last character 
is loaded into the Channel A THR. 


The last character will be transmitted and 
OPR[0] will be reset one bit time after the 
last stop bit, causing RTSAN to be ne- 
gated. 


bod 
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MR2A[4] — Channel A Clear-to-Send 
Control 

Ifthis bitis 0, CTSAN has no effecton the trans- 
mitter. If this bit is a 1, the transmitter checks 
the state of CTSAN (IPO) each time it is ready 
to send a character. If IPO is asserted (Low), 
the character is transmitted. If it is negated 
(High), the TxDA output remains in the marking 
state and the transmission is delayed until 
CTSAN goes low. Changes in CTSAN while a 
character is being transmitted do not affect the 
transmission of that character.. 


MR2A[3:0] — Channel A Stop Bit Length 
Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 1-9/16 to 2 bits, inincre- 
ments of 1/16 bit, can be programmed for char- 
acter lengths of 6, 7, and 8 bits. For acharacter 
lengths of 5 bits, 1-1/16 to 2 stop bits can be pro- 
grammedin increments of 1/16 bit. Inall cases, 
the receiver only checks for a ‘mark’ condition 
at the center of the first stop bit position (one bit 
time after the last data bit, or after the parity bit 
is enabled). 


If an external 1X clock is used for the transmit- 
ter, MR2A[3] = 0 selects one stop bit and 
MR2A[3] = 1 selects two stop bits to be 
transmitted. 


MROB — Channel B Mode 
Register 1 


MROB is accessed when the Channel B MR 
pointer points to MR1. The pointer is set to MRO 
by RESET or by a ‘set pointer’ command 
applied via CRB. After reading or writing 
MROB, the pointer will point to MR1B. 


The bit definitions for this register are identical 
to MROA, except that all control actions apply 
to the Channel B receiver and transmitter and 
the corresponding inputs and outputs. 
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MR1B — Channel. . Mode. 
Register 1 


MR1B is accessed when the Channel B MR 
pointer points to MR1. The pointer is setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRB. After reading or writing 
MR ‘1B, the pointer will point to MR2B. 


The bit definitions for this register are identical 
to MR1A, except that all control actions apply 
to the Channel B receiver and transmitter and 
the corresponding inputs and outputs. 


MR2B — Channel B Mode 
Register 2 | 

MR2B is accessed when the Channel B MR 
pointer points to MR2, which occurs after any 
access to MR1B. Accesses to MR2B er not 
change the pointer. 


The bit definitions for mode register are identi- 
cal to the bit definitions for MR2A, except that 
all control actions apply to the Channel B re- 
ceiver and transmitter and the eortesponcing 
inputs and outputs. 


CSRA — Channel A Clock Select 
Register 


CSRA[7:4] — Channel A Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel A transmitter. The field definition is 
shown in Table 3. 


CSRAJ[3:0} — Channel A Transmitter Clock 
Select 

This field selects the baud rate clock for the 
ChannelA transmitter. The field definition is as 
shown in Table 3, except as follows: 


CSRA[3:0] ACR[7]=0 ACR[7]=1 
1110 IP3-16X _ IP3-16X 
1111 IP3-1X IP3-1X 


The transmitter clock is always a 16X clock ex- 
cept for CSR[3:0] = 1111. 
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Table 3. Baud Rate 


SC 
cSRAITN 


50 


NOTE: The receiver clock is always a 16X clock except for CSRA[7:4] = 1111. 


CSRB — Channel B Clock Select 0001 Reset MR pointer. Causes the Channel STOP counter commands are disabled, 
Register A MR pointer to point to MR1. the counter is stopped, and the Counter 
0010 Reset receiver. Resets the Channel A Ready Bit, ISR[3], is reset. 
CSRB[7:4] - Channel B Receiver Clock receiver as ifahardwareresethadbeen 1011 Notused. 
Select ae ab ae is disabled and 1100 Disable eee a ee 
ft é the FIFO is flushed. — returns control of the C/T to the regular 
oe pantie its ae Gait ral 0011 Reset transmitter. Resets the Channel START/STOP counter commands. It 
: : A transmitter as if a hardware reset had does not stop the counter, or clear any 
shown in Table 3, except as follows: been applied. | pending interrupts. After disabling the 
CSRB[7:4] ACR[7]=0 ACR{[7] =1 0100 Reset error status. Clears the Channel timeout mode, a ‘Stop Counter’ com- 
A Received Break, Parity Error, and mand should be issued 
aa ed eS Overrun Error bits in the status register 1101 Set MR pointer to “0”. 
(SRA[7:4]). Used in character mode to 1110 Power Down Mode On. In this mode, 
clear OE status (although RB, PE and the DUART oscillator is stopped and all 
The transmitter clock is always a 16X clock ex- FE bits will also be cleared) and in block functions requiring this clock are sus- 
cept for CSRB[7:4] = 1111. mode to clear all error status after a pended. The execution of commands 
block of data has been received. other than disable power down mode 
CSRB[3:0] - Channel B Transmitter Clock 0101 Reset Channel A break change inter- (1111) requires a X1/CLK. While in the 
Select rupt. Causes the Channel A break de-- power down mode, do not issue any 
This field selects the baud rate clock for the tect change’ bit in the interrupt status commands to the CRexceptthedisable - 
Channel B transmitter. The field definitionis as register (ISR[2]) to be cleared to zero. power down mode command. The con- 
shown in Table 3, except as follows: 0110 Start break. Forces the TxDA output tents of all registers will be saved while 
Low (spacing). If the transmitter is in this mode. . It is recommended that 
CSRB[3:4] ACR[7]=0 ACR[7] =1 empty the start of the break condition will the transmitter and receiver be disabled 
1110 IP5-16X IP5-16X be delayed up to two bit times. If the prior to placing the DUART into power 
1111 IP5-1X IP5-1X transmitter is active the break begins down mode. This command is in CRA 
when transmission of the character is only. 
: ; completed. Ifa characteris inthe THR, 1111 Disable Power Down Mode. This com- 
The transmitter clock is always a 16X clock ex- the start of the break will be delayed until mandrestarts the oscillator. After invok- 
cept for CSRB[3:0] = 1111. that character, or any other loaded ing this command, wait for the oscillator 
subsequently are transmitted. The to start up before writing further com- 
CRA — Channel A Command transmitter must be enabled for this mands to the CR. This command is in 
Register command to be accepted. CRA only. 
CRA is aregister used to supply commands to 9111 Stop break. The TxDA line will go High 
Channel A. Multiple aie can be speci- (marking) within two bittimes. TxDAwill CRA[3] — Disable Channel A 
fied in a single write to CRA as long as the com- ae High bot es bit time befor : the deel see nanmed 4 
y + ti , next character, if any, is transmitted. is command terminates transmitter opera- 
bests seg SOOM, 8 sali eneve 1000 Assert RTSN. Causes the RTSN output _ tion and reset the TxDRY and TxEMT status 
ransmitter’ and ‘reset transmitter’ commands b dik , ne 
cannot be specified in a single command word. to be asserted (Low). bits. However, if a character is being trans- 
1001 ae RTSN. rssh RTSN out- mitted or if a character is in the THR when the 
-4) — Mi put to be negated (high). transmitter is disabled, the transmission of the 
SATA ame cellancous Commands 1010 Set Timeout Mode On. The receiver in ' 


The encoded value of this field may be used to 
specify a single command as follows: 


CRA[6:4] COMMAND 
0000 No command. 
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this channel will restart the C/T as each 
receive character is transferred from the 
shift register to the RHR. The C/T is 
placed in the counter mode, the START/ 
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character(s) is completed before assuming the 
inactive state. 
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CRA[2] - Enable Channel A 

Transmitter 
Enables operation of the Channel A transmitter. 
The TxRDY status bit will be asserted. 


CRA[1} — Disable Channel A Receiver 

This command terminates operation of the re- 
ceiver immediately ~ a character being re- 
ceived will be lost. The command has no effect 
on the réceiver status bits or any other control 
registers. If the special multidrop mode is pro- 
grammed, the receiver operates even if itis dis- 
abled. See Operation section. 


CRA[0] ~ Enable Channel A Receiver 
Enables operation of the Channel A receiver. 
If not in the special wakeup mode, this also 
forces the receiver into the search for start-bit 
state. 


CRB - Channel B Command 
Register 

CRB is a register used to supply commands to 
Channel B. Multiple commands can be speci- 
fied in a single write to CRB as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannotbe specified in a single command word. 


The bit definitions for this register are identical 
to the bit definitions for CRA, with the exception 
of comamnds “Ex” and “Fx” which are used for 
power downmode. These two commands are 
not used in CRB. All other control actions that 
apply to CRA also apply to CRB. 


SRA - Channel A Status 
Register 


SRA[7] — Channel A Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received: further 
entries to the FIFO are inhibited until the RxDA 
line to the marking state for at least one-half a 
bit time (two successive edges of the internal or 
external 1X clock). 


When this bit is set, the Channel A ‘change in 
break’ bit in the ISR (ISR[2]) is set. ISR[2] is 
also set when the end of the break condition, as 
defined above, is detected. 


The break detect circuitry can detect breaks 
that originate in the middle of a received char- 
acter. However, if a break begins in the middle 


of a character, it must persist until at least the | 


end of the next character time in order for it to 
be detected. 


SRA[6] - Channel A Framing Error 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 
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SRA[5] — Channel A Parity Error 
This bit is set when the ‘with parity’ or ‘force par- 


ity’ mode is programmed and the correspond- — 


ing character in the FIFO was received with 
incorrect parity. 


inthe special multidrop mode the parity error bit 
stores the receive A/D bit. 


SRA[4] — Channel A Overrun Error 

This bit, when set, indicates that one or more 
characters in the received data stream have 
been lost. Itis set upon receipt of anew charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. 


_ This bit is cleared by a ‘reset error status’ com- 


mand. 


SRA[3] —- Channel A Transmitter Empty 
(TxEMTA) 

This bit will be set when the Channel A transmit- 
ter underruns; i.e., both the Transmit Holding 
Register (THR) and the transmit shift register 
are empty. Itis set after transmission of the last 


_Stop bit of a character if no character is in the 


THR awaiting transmission. Itis resetwhen the 
THRis loaded by the CPU orwhen the transmit- 
ter is disabled or reset. 


SRA[2] — Channel A Transmitter Ready 
(TxRDYA) 

This bit, when set, indicates that the transmit 
FIFO is not full and ready to be loaded with 
another character. This bit is cleared when the 
transmit FIFO is loaded by the CPU and there 
are (after this load) no more empty locations in 
the FIFO. It is set when a character is trans- 
ferred to the transmit shift register. TXRDYA is 
reset when the transmitter is disabled and is set 
when the transmitter is first enabled, V1Z., char- 
acters loaded into the transmit FIFO while the 
transmitter is disabled or reset will not be trans- 
mitted. This bit has different meaning from 
ISRO.0 . | 


SRA[1] —- Channel A FIFO Full (FFULLA) 

This. bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i:e., all eight FIFO positions are occu- 
pied. Itis reset when the CPU reads the receive 
FIFO. If a character is. waiting in the receive 
shift register because the FIFO ts full, FFULLA 


_ will not be reset when the CPU reads the re- 


ceive FIFO. This bit has different meaning from 
1SR1 when MR1 6 is programmed to a ‘1’. 


SRA[0] - Channel A Receiver Ready 
(RxRDYA) 


This bit indicates that a character has been re- ~ 


ceived and is waiting in the FIFO to be read by 
the CPU. It is set when the character is trans- 
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ferred from the receive shift register to the FIFO 
and reset when the CPU reads the receive 
FIFO, only if (after this read) there are no more 
characters in the FIFO. 


SRB — Channel B Status 

Register 

The bit definitions for this register are identical 
to the bit definitions for SRA, except that all sta- 
tus applies to the Channel B receiver and trans- 
mitter and the corresponding mu and 
outputs. 


OPCR — Output Port 
Configuration Register 


OPCR([7] — OP7 Output Select 

This bit programs the OP7 output to provide 
one of the following: 

— The complement of OPR[7}. 


— The Channel B transmitter interrupt output 
which is the complement of TXRDYB. | 
When in this mode OP7 acts as an open- 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR{[6] — OP6 Output Select 

This bit programs the OP6 output to Pee 
one of the following: 

— The complement of OPR[6]. 


— The Channel A transmitter interrupt output 
which is the complement of TxRDYA. 
When in this mode OP6 acts as an open- 
drain output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[5] — OP5 Output Select 

This bit programs the OP5 output to provide 

one of the following: | 

— The complement of OPR{[5}. 

— The Channel B transmitter interrupt output 
which is the complement of ISR[5]. When 
in this mode OPS acts as an open-drain 
output. Note that this output is not masked 
by the contents of the IMR. 


OPCR[4] -— OP4 Output Select 

This field programs the OP4 output to provide 
one of the following: 

— The complement of OPR[4). 


_~ The Channel A receiver interrupt output — 


which is the complement of ISR[1]. When 
in this mode OP4 acts as an open-drain 
output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[3:2] — OP3 Output Select 
This bit programs the OP3 output to provide 


‘one of the following: 


— The complement of OPR{3]. 

~ The counter/timer output, in which case 
OP3 acts as an open-drain output. In the 
timer mode, this output is a square wave at 
the programmed frequency. !n the counter 
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mode, the output remains High until termi- 
nal count is reached, at which time it goes 
Low. The output returns to the High state 
when the counter is stopped by a stop 
counter command. Note that this output is 
not masked by the contents of the IMR. 


— The 1X clock for the Channel B transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 
The 1X clock for the Channel B receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


OPCR[1:0] - OP2 Output Select 

This field programs the OP2 output to provide 

one of the following: 

— The complement of OPR[2]. 

— The 16X clock for the Channel A transmit- 
ter. This is the clock selected by 
CSRA|[3:0], and will be a 1X clock if 
CSRA[3:0] = 1111. 

— The 1X clock for the Channel A transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

-~ The 1X clock for the Channel A receiver, 
which its the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


SOPR -— Set the Output Port Bits 
(OPR) 


SOPR{[7:0] — Ones in the byte written to this 
register will cause the corresponding bit posi- 
tions in the OPR to set to 1. Zeros have no 
effect. 


ROPR -— Reset Output Port Bits 
(OPR) 


ROPR{[7:0] — Ones in the byte written to the 
ROPR will cause the corresponding bit posi- 
tions in the OPR to set to 0. Zeros have no 
effect. 


ACR - Auxiliary Control 
Register 
ACR[7] — Baud Rate Generator Set Select 


This bit selects one of two sets of baud rates to 
be generated by the BRG: 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05K, 1.2K, 2.4K, 4.8K, 7.2K, 
9.6K, and 38.4K baud. 

Set 2: 75, 110, 134.5, 150, 300, 600, 


1.2K, 1.8K, 2.0K, 2.4K, 4.8K, 9.6K, 
and 19.2K baud. 


The selected set of rates is available for use by 
the Channel A and Breceivers and transmitters 
as described in CSRA and CSRB. Baud rate 
generator characteristics are given in Table 4. 
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Table 4. Bit Rate Generator 
Characteristics 
Crystal or Clock = 
3.6864MHz 


ACTUAL 
16X CLOCK 
(kHz) 


NORMAL 
RATE 
(BAUD) 


ERROR (%) 





NOTE: 
Duty cycle of 16X clock is 50% + 1%. 


ACR[6:4] — Counter/Timer Mode And | 
Clock Source Select 

This field selects the operating mode of the 
counter/timer and its clock source as shown in 
Table 5. 


Table 5. ACR 6:4 Field 


Definition 


a | MODE CLOCK SOURCE 


Counter | External (IP2) 
Counter | TxCA — 1X clock of 
Channel A transmitter — 
TxCB — 1X clock of 
Channel B transmitter 
Crystal or external clock 
(X1/CLK) divided by 16 
External (IP2) 

External (IP2) divided 
by 16 

Crystal or external clock 
(X1/CLK) 

Crystal or external clock 
(X1/CLK) divided by 16 
















Counter 






Counter 












Timer 
Timer 






Timer 






Timer 





ACR{[3:0] —IP3, IP2, IP1, IPO 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (1PCR) cause the input change 
bit in the interrupt status register (ISR[7]}) to be 
set. Ifa bit is in the ‘on’ state the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. Ifa bit 
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is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7:4] — IP3, IP2, 1P1, IPO 
Change-of-State 

These bits are set when a change-of-state, as 
defined in the input port section of this data 
sheet, occurs at the respective inputpins. They 
are cleared when the IPCR is read by the CPU. 
A read of the IPCR also clears |SR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to 
generate an interrupt to the CPU. 


IPCR[3:0}] — IP3, IP2, 1P1, IPO 
Change-of-State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the input pins at the 
time the IPCR is read. 


ISR — Interrupt Status Register 

This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the Interrupt Mask Register 
(IMR). If a bitin the ISR is a‘1' and the corre- 
sponding bit in the IMR is also a‘1’, the INTRN 
output will be asserted (Low). If the corre- 
sponding bit in the IMR Is a Zero, the state of 
the bit in the ISR has no effect on the INTRN 
output. Note that the IMR does not mask the 
reading of the ISR — the true status will be pro- 
vided regardless of the contents of the IMR. 
The contents of this register are initialized to 


00,, when the DUART is reset. 


ISR[7] — Input Port Change Status 

This bit is a ‘1’ when a change-of-state has oc- 
curred at the IPO, IP1, IP2, or IP3 inputs and 
that event has been selected to cause an inter- 
rupt by the programming of ACR[3:0]. The bit 
is cleared when the CPU reads the IPCR. 


ISR[6] - Channel B Change In Break 

This bit, when set, indicates that the Channel B 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel B ‘reset break change inter- 
rupt’ command. 


ISR[5] —- Rx RDY/FULL 

This bit indicates that the channel B receiver is 
interrupting according to the fill level pro- 
grammed by the MRO and MR1 registers. This 
bit has a different meaning than the receiver 
ready/full bit in the status register. 


ISR[4] - Tx RDY/FULL 

This bit indicates that the channel B transmitter 
is interrupting according to the interrupt level 
programmed in the MRO[5:4] bits. This bit has 
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a different meaning than the Tx RDY bit in the 
Status register. 


‘ISR[3] - Counter Ready. 
In the counter mode, this bit is set when the 
counter reaches terminal count and is reset 
when the counter is stopped by a stop counter 
command. 


In the timer mode, this bitis setonce each cycle 
of the generated square wave (every other time 
thatthe counter/timer reaches zerocount). The 
bit is reset by a stop counter command. The 
command, however, does not stop the counter/ 
timer. 


ISR[(2] —- Channel A Change in Break 

This bit, when set, indicates that the ChannelA 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel A ‘reset break change inter- 
rupt’ command. ' 


ISR[1] - Rx RDY/FULL 

This bit indicates that the channel A receiver is 
interrupting according to the fill level pro- 
grammed by the MRO and MR registers. This 
bit has a different meaning than the receiver 
ready/full bit in the status register. 


ISR[O}] - Tx RDY/FULL 

This bit indicates that the channel A transmitter 
is interrupting according to the interrupt level 
programmed in the MRO[5:4] bits. This bit has 
a different meaning than the Tx RDY bit in the 
_ Status register. 


IMR — Interrupt Mask Register 
The programming of this register selects which 
bits in the ISR causes an interrupt output. Ifa 


bit in the ISR is a ‘1’ and the corresponding bit 
in the IMR is also a ‘1° the INTRN output will be 
asserted. If the corresponding bitin the IMR is 
a zero, the state of the bit in the ISR has no ef- 
fect on the INTRN output. Note that the IMR 
does notmask the programmable interrupt out- 
puts OP3-OP7 or the reading of the ISR. 


CTUR and CTLR — Counter/Timer 


Registers 
The CTUR and CTLR hold the eight MSBs and 


eight LSBs, respectively, of the value to be 


used by the counter/timer in either the counter 
or timer modes of operation. The minimum va- 
lue which may be loaded into the CTUR/CTLR 
registers is H'0002’. Note that these registers 
are write-only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
C/T generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR and CTLR is 
changed, the current half-period will not be af- 
fected, but subsequent half periods willbe. The 
C/T will not be running until it receives an initial 
‘Start Counter’ command (read at address 
A3-A0 = 1110). After this, while in timer mode, 
the C/T will run continuously. Receipt of a start 
counter command (read with A3-AO = 1110) 
causes the counter to terminate the current tim- 
ing cycle and to begin anew cycle using the va- 
lues in CTUR and CTLR. 


The counter ready status bit (ISR[3]) is setonce 
each cycle of the square wave. The bitis reset 
by a stop counter command (read with A3-A0 


RESETN 


tRES 


= H’F’). The command however, does not stop 
the C/T. The generated square wave is output 
on OP3 if it is programmed to be the C/T 
output. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR and CTLR 
by the CPU. Counting begins upon receipt of 
a Start counter command. Upon reaching ter- 
minal count H'0000’, the counter ready inter- 
rupt bit (ISR[3]) is set. The counter continues 
counting past the terminal count until stopped 
by the CPU. If OP3 is programmed to be the 
output of the C/T, the output remains High until 
terminal countis reached, at which time it goes 
Low. The output returns to the High state and 
ISR[3] is cleared when the counter is stopped 
by a stop counter command. The CPU may 
change the values of CTUR and CTLR at any 
time, but the new count becomes effective only 
onthe next start counter commands. If new val- 
ues have not been loaded, the previous count 
values are preserved and used for the next 
count cycle 


In the counter mode, the current value of the up- 
per and lower 8 bits of the counter (CTU, CTL) 
may be read by the CPU. It is recommended 
that the counter be stopped when reading to 
prevent potential problems which may occur if 
a carry from the lower 8 bits to the upper 8 bits 
occurs between the times that both halves of 
the counter are read. However, note that a sub- 
sequent start counter command will cause the 
counter to begin aanewcountcycle using the va- 
lues in CTUR and CTLR. 
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D0-D7 
(READ) 


DO-D7 
(WRITE) 


Figure 2. Bus Timing 


(a) INPUT PINS 


OLD DATA NEW DATA 


(b) OUTPUT PINS 


Figure 3. Port Timing 
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INTERRUPT‘ 
OUTPUT 


INTERRUPT' 
OUTPUT 


NOTES: 

1. INTRN or OP3-OP7 when used as interrupt outputs. 

2. The test for open-drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced trom the midpoint of the switching 
signal, Vu, to a point 0.5V above Vq. This point represents noise margin that assures true switching has occurred... Beyond this level, the effects of external circuitry and 
test environment are pronounced and can greatly affect the resultant measurement. 


Figure 4. Interrupt Timing 


NOTE: 
RESISTOR REQUIRED 
X1/CLK FOR TTL INPUT. 
CTCLK 
RxC 
TxC 


*NOTE: X2 SHOULD BE LEFT OPEN OR 
GROUNDED WHEN X11 IS DRIVEN. 


C1 = C2 ~ 24pF FOR C, = 20pF SC26C92 


TYPICAL CRYSTAL SPECIFICATION 


FREQUENCY 2-4 MHz 
LOAD CAPACITANCE (C,) 12-32 pF 
TYPE OF OPERATION PARALLEL RESONANT, FUNDAMENTAL MODE 


Figure 5. Clock Timing 
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1 BIT TIME 
(1. OR 16 CLOCKS) ———>> 


TxC 
(INPUT) 


Txe 
(1X OUTPUT) 


Figure 6. Transmitter External Clocks 


RxC 
(1X INPUT) 


Figure 7, Receiver External Clock 


TRANSMITTER 
ENABLED _ 4 


TxRDY 


(SR2) he hs 
WRN ‘ 0 > 


L/ 
ps D9 START D117 WILL 
BREAK NOT BE 
WRITTEN TO | 
THE TxFIFO 


c 


OPR(Q) = 1 


OPR(0) = 1 


NOTES: 
1. Timing shown for MR2(4) = 1. 
2. Timing shown for MR2(5) = 1. 





Figure 8. Transmitter Timing 
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RxD [oe | Lf oo fi Lf oof Lg on | Lf oJ Lf ons | 
| 


| D1i2, D13 WILL BE LOST 


DUE TO RECEIVER DISABLE. 
RECEIVER 


ENABLED ; | 


RxRDY | 
(SRO) a: we 
FFULL 
4 
FFULL — d N 


(OP5)? 
RON " V y L/ 
STATUS DATA STATUS DATA. STATUS DATA_ STATUS DATA 
oom, oo 
O1 D11 WILL BE LOST 02 D3 Dio 


OVERRUN sO DUE TO OVERRUN 
(SR4) . RESET BY COMMAND 


RTS! 
(OPO) a 
i 4 OPR(O) = 1 
NOTES: 
1. Timing shown for MR1(7) = 1. 
2. Shown for OPCR(4) = 1 and MA(6) = 0. 
Figure 9. Receiver Timing 


MASTER STATION BIT 9 BIT 9 


Tx : 


2 , BIT 9 2 


TRANSMITTER 
ENABLED 


TxRDY $$$ a 
(SR2) a 
WRN : F ainsitosssiprsehireaesentniens 


MR1(4--3) = 11 ADD#1MR1(2) = 0 DO MR1(2) = 1 ADD#2 
MR1(2) =1 d : 


PERIPHERAL STATION 
' BIT BIT 9 BIT 9 BIT 9 


0 (77 _ Goons oe fo eT] Tamas) 


RECEIVER | 
ENABLED | | 
| | 


| 
RxRDY : 
RDN/WRN Sa 


MR1(4-3) AA STATUS DATA STATUS DATA 
ad ‘exc, yore 
DO — ADD#2 





Figure 10. Wake-Up Mode 


f 
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b= 5.3mA VoL- 
I= 400uA VoH 


‘ 


Figure 11. Test Conditions on Outputs 
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DESCRIPTION 

The Signetics SCC68692 Dual Universal 
Asynchronous Receiver/Transmitter 
(DUART) is a single-chip CMOS-LS| 
communications device that provides 
two full-duplex asynchronous 
receiverAransmitter channels in a single 
package. It is compatible with other 
S68000 family devices and can also 
interface easily with other 
microprocessors. The DUART can be 
used in a polled or interrupt driven 
systems. 


The operating mode and data format of 
each channel can be programmed 
independently. Additionally, each 
receiver and transmitter can select its 
operating speed as one of eighteen 
fixed baud rates, a 16X clock derived 
from a programmable counter/timer, or 
an external 1X or 16X clock. The baud 
rate generator and counter/timer can 
operate directly from a crystal or from 
external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the DUART particularly attractive 
for dual-speed channel applications 
such as clustered terminal systems. 


Each receiver is quadruple buffered to 
minimize the potential of receiver 
over-run or to reduce interrupt overhead 
in interrupt driven systems. In addition, 
a flow control capability is provided to 
disable a remote DUART transmitter 
when the receiver buffer is full. 


Also provided on the SCC68692 are a 
multipurpose 6-bit input port and a 
multipurpose 8-bit output port. These 
can be used as general purpose I/O 
ports or can be assigned specific 
functions (such as clock inputs or 


SCC68692 


‘Dual asynchronous _ | 
receiver/transmitter (DUART) | 


status/interrupt outputs) under program 
control. i 3 


FEATURES 
® S68000 bus compatible 


® Dual full-duplex asynchronous 
receiverfransmitters 


® Quadruple buffered receiver data 
register 
@ Programmable data format: 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force parity 
— 1, 1.5 or 2 stop bits programmable 
in 1/16-bit increments 


® Programmable baud rate for each 
receiver and transmitter selectable 
from: 


— 18 fixed rates: 50 to 38.4k baud 


— One user-defined rate derived from 
programmable counter/Aimer 


— External 1X or 16X clock 
@ Parity, framing, and overrun error 
detection 
® False start bit detection 
@ Line break detection and generation 
@ Programmable channel mode 
— Normal (full-duplex) 
— Automatic echo 
— Local loopback 
— Remote loopback 
® Multi-function 6-bit input port 
— Can serve as clock or control inputs 


— Change of state detection on four 
inputs 
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® Multi-function 8-bit output port 
— Individual bit set/reset capability 
— Outputs can be programmed to be 
status/interrupt signals 
® Versatile interrupt system 


— Single interrupt output with eight 
maskable interrupting conditions 


— Interrupt vector output on interrupt 
acknowledge 


— Output port can be configured to 
provide a total of up to six separate 
wire-ORable interrupt outputs 


@ Maximum data transfer rates: 
1X — 1MB/sec, 16X — 125kB/sec 


° Automatic wake-up mode for multidrop 
applications 


® Start-end break interrupt/status 


® Detects break which originates in the 
middle of a character 


® On-chip crystal oscillator 
® Power down mode 
® Receiver timeout mode 


® Commercial and Industrial tempera- 
ture range versions 


© TTL compatible 
® Single +5V power supply 
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PIN CONFIGURATIONS 


RESETN 


X2 


X1/CLK 
RxDA 
TxDA 
OPO 


OP2 


ORDERING INFORMATION 


TOP VIEW 


PIN/FUNCTION PIN/FUNCTION 


NC 
INTRN 
Dé 


26 D4 


D2 
DO 
OP6 


30 OP4 


ESSZSESSSRERERK 


44-Pin Plastic LCC SCC68692C 1A44 SCC68692E1A44_ | 
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OP2 
OPO 
TxDA 
NC 
RxDA 
XV/CLK 
X2 
RESET 
CSN 
IiP2 
IACKN 
iP5 
IP4 


Voc 
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BLOCK DIAGRAM 


CHANNEL A 


TRANSMIT. 


R/WN OPERATION CONTROL 


DTACKN ADDRESS 
CSN DECODE 


ane R/W CONTROL 
RESETN 


CHANNEL B 
(AS ABOVE) 


|| 
= 
4 
be 
: 
oO 
ea 


INPUT PORT 


CHANGE OF 
STATE 
DETECTORS (4) IPOIPS 


IPCR 


TIMING 


INTERNAL DATABUS 





OUTPUT PORT 


CTION 
X1/CLK CES REe 


X2 


UE 
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PIN DESCRIPTION 


SYMBOL | PINNO. | ual NAME AND FUNCTION | 


25,16,24,17 Data Bus: Bidirectional 3-State data bus used to transfer commands, data and status between the 
23,18,22,19 DUART and the CPU. DO is the least significant bit. 


35 Chip Enable: Active-Low input signal. When Low, data transfers between the CPU and the DUART are 
enabled on DO-D7 as controlled by the R/WN and A1—A4 inputs. When CEN Is High, the DUART places 
the DO—D7 lines in the 3-State condition. 


Read/Write: A High input indicates a read cycle and a low input indicates a write cycle, when a cycle is 
initiated by assertion of the CSN input. 


Address Inputs: Select the DUART internal registers and ports for read/write operations. 


Reset: A Low level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), initializes the IVR to 
hex OF, puts OPO—OP7 in the High state, stops the counter/timer, and puts Channels A and B in the inac- 
tive state, with the TxDA and TxDB outputs in the mark (High) state. 


Data Transfer Acknowledge: 3-State active-Low output asserted in write, read, or interrupt cycles to 
indicate proper transfer of data between the CPU and the DUART. 


Interrupt Request: Active-Low, open-drain output which signals the CPU that one or more of the eight 
maskable interrupting conditions are true. 


















CSN - 










R/WN 8 















A1-A4 
RESETN 


1,2,5,6 












DTACKN 










INTRN 










IACKN interrupt Acknowledge: Active-Low input indicating an interrupt acknowledge cycle. In response, the 


DUART will place the interrupt vector on the data bus and will assert DTACKN if it has an interrupt pend- 
ing. 

Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be supplied at all 
times. When a crystal is used, a capacitor must be connected from this pin to ground (see Figure 7). 















X1/CLK 










X2 Crystal 2: Connection for other side of the crystal. When acrystal is used, a capacitor must be con- 
nected from this pin to ground (see Figure 7). If X1/CLK is driven from an external source, this pin can be 


left open. 







Channel A Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, “space” 
is Low. 






Channel B Receive Serial Data Input: The least significant bit is received first. “Mark” is High, “space” 
is Low. 






Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This output is 
held in the “mark” condition when the transmitter is disabled, idle or when operating in local loopback 
mode. “Mark” is High, “space” is Low. 


Channel B Transmitter Serial Data Output: The least significant bit is transmitted first. This output is 
held in the ‘mark’ condition when the transmitter is disabled, idle, or when operating in local loopback 
mode. ‘Mark’ is High, ‘space’ is Low. 








Output 0: General purpose output or Channel A request to send (RTSAN, active-Low). Can be deacti- 
vated automatically on receive or transmit. 






Output 1: General purpose output or Channel B request to send (RTSBN, active-Low). Can be deacti- 
vated automatically on receive or transmit. 






Output 2: General purpose output, or Channel A transmitter 1X or 16X clock output, or Channel A receiv- 
er 1X clock output. 






Output 3: General purpose output or open-drain, active-Low counter/timer output or Channel B transmit- . 
ter 1X clock output, or Channel B receiver 1X clock output. 






Output 4: General purpose output or Channel A open-drain, active-Low, Rx RDYAN/FFULLAN output. 
Output 5: General purpose output or Channel B open-drain, active-Low, RXRDYBN/FFULLBN output. 
Output 6: General purpose output or Channel A open-drain, active-Low, TxRDYAN output. 

Output 7: General purpose output or Channel B open-drain, active-Low, TXRDYBN output. 

Input 0: General purpose input or Channel A clear to send active-Low input (CTSAN). 

Input 1: General purpose input or Channel B clear to send active-Low input (CTSBN). 


Input 2: General purpose input or Channel B receiver external clock input (RxCB), or counter/timer ex- 
ternal clock input. When external clock is used by the receiver, the received data is sampled on the rising 
edge of the clock. 


Input 3: General purpose input or Channel A transmitter external clock input (TxCA). When the external 
clock is used by the transmitter, the transmitted data is clocked on the falling edge of the clock. 


Input 4: General purpose input or Channel A receiver external clock input (RxCA). When the external 
clock is used by the receiver, the received data is sampled on the rising edge of the clock. 


















Input 5: General purpose input or Channel B transmitter external clock input (TxCB). When the external 
clock is used by the transmitter, the transmitted data is clocked on the falling edge of the clock. 






Power Supply: +5V supply input. 
Ground 
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ABSOLUTE MAXIMUM RATINGS! 


[Tn | Operating ambient temperature range® | Nota 
eS 
Power dissipation | a eee ee 


Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 
implied. 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Parameters are valid over specified temperature range. 












DC ELECTRICAL CHARACTERISTICS! 2 3 


Input low voltage - 

Input high voltage (except X1/CLK)® 
Input high voltage (except X1/CLK)’ 
Input high voltage (X1/CLK) 


Output low voltage . lo. = 2.4mA 
Output high voltage (except OD outputs)* low =—400pA 


X1/CLK input current — power down 
X1/CLK input low current — operating 
X1/CLK input high current — operating 


X2 output high current — operating Vout = Vec, X1 =90 
X2 output high short circuit current — operating Vout = 0, X1 =0 
X2 output low current — operating Vout = 0, X1 =Vec 
X2 output low short circuit current — operating and Vout = Vcc. X1 = Vec 
power down 


Input leakage current: 
All except input port pins Vin =0 to Voc 
Input port pins Vin =9 to Voc 


lozH Output off current high, 3-State data bus VinzVeco | 
loz Output off current low, 3-State data bus Vin = OV —10 


lopt Open-drain output low current in off State 
lopy Open-drain output high current in off State 


- Power supply current® 
; a Operating mode TTL input levels 
| lec : CMOS input levels 
Power down mode : TTL input levels 
CMOS input levels 


NOTES: 

1. Parameters are valid over specified temperature range. e 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 5ns 
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and 
output voltages of 0.8V and 2.0V, as appropriate. ’ —— 

Typical values are at +25°C, typical supply voltages, and typical processing parameters. 

Test conditions for outputs: C_ = 150pF, except interrupt outputs. Test condition for interrupt outputs: C, = SOpF, Ry = 2.7kQ to Vcc. 

All outputs are disconnected. Inputs are switching between TTL levels of 2.4V and 0.4V or CMOS levels of Voc -0.2V and Vgsg + 0.2V. | 

Ta > 0°C ‘ ve , 

Ta < 0°C 


NOR w 
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AC CHARACTERISTICS! 2: 4 


| LIMITS 
SYMBOL | FIGURE PARAMETER | | Min | Typ? | Max | UNIT 


Reset Timing 


fee [rs wie 


Bus Timing> 







































A1—A4 setup time to CSN Low 
A1—A4 hold time from CSN Low. 

RWN setup time to CSN High 

RWN holdup time to CSN High 

CSN High pulse width 

CSN or IACKN High from DTACKN Low 

Data valid from CSN or IACKN Low 

RDN Low to data bus active® 

Data bus floating from CSN or IACKN High® 

RDN High to data bus invalid® 

Data setup time to CLK High 

Data hold time from CSN High 

DTACKN Low from read data valid 

DTACKN Low (read cycle) from CLK High 

DTACKN Low (write cycle) form CLK High 

DTACKN High from CSN or IACKN High 

DTACKN High impedance from CSN or IACKN High 
CSN or |ACKN setup time to clock High 





Port Timing® 
tps 5 
tpH 9 
tpp 














Port input setup time to CSN Low 
Port input hold time from CSN High 
Port output valid from CSN High 


























Interrupt Timing 





INTRN (or OP3—OP7 when used as interrupts) negated from: 
Read RHR (RxRDY/FFULL interrupt) 

Write THR (TxRDY interrupt) 

Reset command (break interrupt) 

Stop C/T command (counter interrupt) 

Read IPCR (input port change interrupt) 

Write IMR (clear of interrupt mask bit) 


tr 





Clock Timing 


X1/CLK High or Low time 

X1/CLK frequency 3.6864 
CTCLK (IP2) High or Low time 

CTCLK (IP2) frequency? 

RxC High or Low time 


NNNNNN 


RxC frequency (16X)? 
(1X) 

TxC High or Low time 

TxC frequency (16X)9 
(1X)9 


NN 









Transmitter —a 


ttxp TxD output delay from TxC Low 350 
ttcs Output delay from TxC Low to TxD-data output 150 


Receiver Timing 


trxs RxD data setup time to RxC High 240 ns 
texH RxD data hold time from RxC High 200 ns 
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NOTES: 


1. Parameters are valid over specified temperature range. 
2. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 5ns. 
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and 
output voltages of 0.8V and 2.0V, as appropriate. 


N OO Mano 


. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 


. Test conditions for outputs: C_ = 150pF, except interrupt outputs. Test condition for interrupt outputs: C_ = SOpF, Ry = 2.7kQ to Voc. 

. This specification will impose maximum 68000 CPU CLK to 6MHz. Higher CPU CLK can be used if repeating bus reads are not performed. 
Consecutive write operations to the same command register require at least three edges of the X1 clock between writes. 

. This specification i imposes a lower bound on CSN and IACKN Low, guaranteeing that it will be Low for at least 1 CLK period. This require- 
ment is made on CSN only to insure assertion of DTACKN and not to guarantee operation of the part. 

. This specification is made only to insure that DTACKN is asserted with respect to the rising edge of the X1/CLK pin as shown in the timing 


SCC68692 


diagram, not to guarantee operation of the part. If the setup time is violated, DTACKN may be asserted as shown, or may be asserted one 


clock cycle later. 


8. Guaranteed by characterization of sample units. 
9. Minimum frequencies are not tested but are guaranteed by design. 


10.325ns maximum for Ta > 70°C. 


BLOCK DIAGRAM 
The SCC68692 DUART consists of the follow- 


ing eight major sections: data bus buffer, opera-’ 


tion control, interrupt control, — timing, 
communications Channels A and B, input port 
and output port. Refer to the Block Diagram. 


Data Bus Buffer 

- The data bus buffer provides the interface be- 
tween the external and internal data buses. It 
is controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and the DUART. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. It contains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. The DTACKN output is asserted 
during write and read cycles to indicate to the 
CPU that data has been latched on a write 
cycle, or that valid data is present on the bus on 
a read cycle. 


Interrupt Control 

A single active-Low interrupt output (INTRN) is 
provided which is activated upon the occur- 
rence of any of eight internal events. Asso- 
ciated with the interrupt system are the 
Interrupt Mask Register (IMR) and the Interrupt 
Status Register (ISR), the Auxiliary Control 
Register (ACR), and the Interrupt Vector Regis- 
ter (IVR). The IMR may be programmed to se- 
lect only certain conditions to cause INTRN to 
be asserted. The ISR can be read by the CPU 
to determine all currently active interrupting 
conditions. When IACKN is asserted, and the 
DUART has an interrupt pending, the DUART 
responds by placing the contents of the IVR 
register on the data bus and asserting 
DTACKN. 


Outputs OP3—OP7 can be programmed to pro- 
vide discrete interrupt outputs for the transmit- 
ter, receivers, and counter/timer. 
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Timing Circuits 

The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
counter/timer, and four clock selectors. The 
crystal oscillator operates directly from acrystal 
connected across the X1/CLK and X2 inputs. 
Ifan external clock of the appropriate frequency 
is available, it may be connected to X1/CLK. 
The clock serves as the basic timing reference 
for the Baud Rate Generator (BRG), the coun- 
ter/timer, and other internal circuits. A clock 
signal within the limits specified in the specifica- 
tions section of this data sheet must always be 
supplied to the DUART. 


lf an external is used instead of a crystal, X1 
should be driven uae: a conquiatens similar 
to the one in Figure 7. 


If an external clock is used instead of a crystal, 
X1 should be driven using a configuration simi- 


lar to the one in Figure 5. 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4K 
baud. A 3.6864MHz crystal or external clock 
must be used to get the standard baud rate. The 
clock outputs from the BRG are at 16X the ac- 
tual baud rate. The counter/timer can be used 
as a timer to produce a 16X clock for any other 
baud rate by counting down the crystal clock or 
an external clock. The four clock selectors al- 
low the independent selection, for each receiv- 
er and transmitter, of any of these baud rates or 
external timing signal. 


The Counter/Timer (C/T) can be programmed 
to use one of several timing sources as its input. 
The output of the C/T is available to the the 
clock selectors and can also be programmed to 
be output at OP3. In the counter mode, the con- 
tents of the C/T can be read by the CPU and 
it can be stopped and started under program 
control. In the timer mode, the C/T acts as a 
programmable divider. 
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Communications 
Channels A and B 


Each communications channel of. the 
SCC68692 comprises a full-duplex asynchro- 
nous receiver/transmitter (UART). The operat- 
ing frequency for each receiver and transmitter 
can be selected independently from the baud 
rate generator, the counter timer, or from an ex- 
ternal input. . 


The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 
the appropriate start, stop, and optional parity 
bits and outputs a composite serial stream of 
data on the TxD output pin. The receiver ac- 
cepts serial data on the RxD pin, converts this 
serial input to parallel format, checks for start 
bit, stop bit, parity bit (if any), or break condition 
and sends an assembled character to the CPU. 


Input Port 

The inputs to this unlatched 6-bit port can be 
read by the CPU by performing a read opera- 
tion at address H'D’. A High input results in a 
logic 1 while a Low input results inalogic0. D7 
will always be read as a logic 1 and D6 will re- 
flect the level of IACKN. The pins of this port 
can also serve as auxiliary inputs to certain por- 
tions fo the DUART logic. 


Four change-of-state detectors are provided 
which are associated with inputs IP3, IP2, IP 1 
and IPO. A High-to-Low or Low-to-High trans- 
ition of these inputs, lasting longer than 25 — 
50us, will set the corresponding bit in the input 
port change register. The bits are cleared 
when the register is read by the CPU. Any 
change-of-state can also be programmed to 
generate an interrupt to the CPU. 


The input port pulse detection circuitry uses a 
38.4kHz sampling clock derived from one of the 
baudrate generator taps. This results ina sam- 
pling period of slightly more than 25ys (this as- 
sumes that the clock inputis 3.6864MHz). The 
detection circuitry, in order to guarantee that a 
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true change in level has occurred, requires two 
successive samples at the new logic level be 
observed. As a consequence, the minimum 
duration of the signal change is 25us if the 
transition occurs “coincident with the first sam- 
ple pulse”. The 50us time refers to the situation 
in which the change-of-state is “Just missed” 
and the first change-of-state is not detected un- 
til 25s later. 


Output Port 

The 8-bit multipurpose output port can be used 
as ageneral purpose output port, in which case 
the outputs are the complements of the Output 
Port Register (OPR). OPR(n) = 1 results in 
OP(n) = Low and vice versa. Bits of the OPR 
can be individually set and reset. A bitis set by 
performing a write operation at address H’E’ 
with the accompanying data specifying the bits 
to be reset (1 = set, 0 = no change). Likewise, 
a bit is reset by a write at address H’F’ with the 
accompanying data specifying the bits to be re- 
set (1 = reset, 0 = no change). 


Outputs can be also be individually assigned 
specific functions by appropriate programming 
of the Channel A mode registers (MRI1A, 
MR2A), the Channel B mode registers (MR1B, 
MR2B), and the Output Port Configuration 
Register (OPCR). 


OPERATION 


Transmitter 

The SCC68692 is conditioned to transmit data 
when the transmitter is enabled through the 
command register. The SCC68692 indicates 
to the CPU that it is ready to accept a character 
by setting the TxRDY bit in the status register. 
This condition can be programmed to generate 
aninterrupt request atOP6 or OP7 and INTRN. 
When a character is loaded into the Transmit 
Holding Register (THR), the above conditions 
are negated. Data is transferred from the hold- 
ing register to transmit shift register when it is 
idle or has completed transmission of the pre- 
vious character. The TxRDY conditions are 
then asserted again which means one full char- 
acter time of buffering is provided. Characters 
cannot be loaded into the THR while the trans- 
mitter is disabled. 


The transmitter converts the parallel data from 
the CPU toa serial bit stream on the TxD output 
pin. It automatically sends a start bit followed 
by the programmed number of data bits, an op- 
tional parity bit, and the programmed number of 
stop bits. The least significant bit is sent first. 
Following the transmission of the stop bits, if a 
new character is not available in the THR, the 
TxD output remains High and the TxEMT bit in 
the Status Register (SR) will be set to 1. Trans- 
mission resumes and the TxEMT bit is cleared 
when the CPU loads a new character into the 
THR. If the transmitter is disabled, it continues 
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operating until the character currently being 
transmitted is completely sent out. The trans- 
mitter can be forced to send a continuous Low 
condition by issuing a send break command. 


The transmitter can be reset through a software 
command. If it is reset, operation ceases im- 
mediately and the transmitter must be enabled 
through the command register before resuming 
operation. If CTS operation is enable, the 
CTSN input must be Low in order for the 
character to be transmitted. If it goes High in 
the middle of a transmission, the character in 
the shift register is transmitted and TxDA then 
remains in the marking state until CTSN goes 
Low. The transmitter can also control the deac- 
tivation of the RTSN output. If programmed, 
the RTSN output will be reset one bit time after 
the character in the transmit shift register and 
transmitholding register (if any) are completely 
transmitted, if the transmitter has been dis- 
abled. 


Receiver 

The SCC68692 is conditioned to receive data 
when enabled through the command register. 
The receiver looks for a _High-to-Low 
(mark-to-space) transition of the start bit on the 
RxD input pin. If a transition is detected, the 
state of the RxD pin is sampled each 16X clock 
for 7-1/2 clocks (16X clock mode) or at the next 
rising edge of the bit time clock (1X clock 
mode). If RxD is sampled High, the start bit is 
invalid and the search for a valid start bit begins 
again. !f RxD is still Low, a valid start bit is as- 
sumed and the receiver continues to sample 
the input at one bit time intervals at the theoreti- 
cal center of the bit, until the proper number of 
data bits and parity bit (if any) have been as- 
sembled, and one stop bit has been detected. 
The least significant bit is received first. The 
data is then transferred to the Receive Holding 
Register (RHR) and the RxRDY bit in the SRis 
set to a 1. This condition can be programmed 
to generate an interrupt at OP4 or OP5 and 
INTRN. If the character length is less than 8 
bits, the most significant unused bits in the RHR 
are Set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. Howev- 
er, ifanon-zero character was received without 
a stop bit (framing error) and RxD remains Low 
for one half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new start bit transition had been detected at 
that point (one-half bit time after the stop bitwas 
sampled). . 


The parity error, framing error, and overrun er- 
ror (if any) are strobed into the SR at the re- 
ceived character boundary, before the RxRDY 
status bit is set. If a break condition is detected 
(RxD is Low for the entire character including 
the stop bit), a character consisting of all zeros 


185 


will be loaded into the RHR and the received 
break bit in the SR is set to 1. The RxD input 
must return to a High condition for at least 
one-half bit time before a search for the next 
start bit begins. 


The RHR consists ofa First-in-First-Out (FIFO) 
stack with a capacity of three characters. Data 
is loaded from the receive shift register into the 
topmost empty position of the FIFO. The 
RxRDY bitin the status register is setwhenever 
one or more characters are available to be 
read, and a FFULL status bit is set if all three 
stack positions are filled with data. Either of 
these bits can be selected to cause an interrupt. 
A read of the RHR outputs the data at the top 
of the FIFO. After the read cycle, the data FIFO 
and its associated status bits (see below) are 
‘popped’ thus emptying a FIFO position for new 
data. ; 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are also appended toeach data character in the 
FIFO (overrun is not). Status can be provided 
in two ways, as programmed by the error mode 
control bit in the mode register. In the ‘charac- 
ter’ mode, status is provided on a charac- 
ter-by-character basis; the status applies only 
to the character at the top of the FIFO. In the 
‘block’ mode, the status provided in the SR for 
these three bits is the logical-OR of the status 
for all characters coming to the top of the FIFO 
since the last ‘reset error’ command was is- 
sued. In either mode reading the SR does not 
affect the FIFO. The FIFO is ‘popped’ only 
when the RHR is read. Therefore the status re- 
gister should be read prior to reading the FIFO. 


If the FIFO is full when a new character is re- 
ceived, that characteris held in the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exits, the contents of the FIFO are not affected: 
the character previously in the shift register is 
lost and the overrun error status bit (SR[4] will 
be set-upon receipt of the start bit of the new 
(overrunning) character. 


The receiver can control the deactivation of 
RTS. If programmed to operate in this mode, 
the RTSN output will be negated when a valid 
start bit was received and the FIFO is full. 
When a FIFO position becomes available, the 
RTSN output will be re-asserted automatically. 
This feature can be used to preventan overrun, 
inthe receiver, by connecting the RTSN output 
to the CTSN input of the transmitting device. 


If the receiver is disabled, the FIFO characters 
canbe read. However, noadditional characters 
can be received until the receiver is enabled 
again. If the receiver is reset, the FIFO and all 
of the receiver status, and the corresponding 
output ports and interrupt are reset. No addi- 
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tional characters can be received until the re- 
ceiver is enabled again. 


Timeout Mode . 

The timeout mode uses the received data 
stream to control the counter. Each time a re- 
ceived character is transferred from the shift 
register to the RHR, the counter is restarted. 
lf a new character is not received before the 
counter reaches zero count, the counter ready 
bit is set, and an interrupt can be generated. 
This mode can be used to indicate when data 
has been left in the Rx FIFO for more than the 
programmed time limit. Otherwise, if the re- 
ceiver has been programmed to interrupt the 
CPU when the receive FIFO is full, and the 
message ends before the FIFO is full, the CPU 
may not know there is data left in the FIFO. The 
CTU and CTL value would be programmed for 
just over one character time, so that the CPU 
would be interrupted as soon as it has stopped 
receiving continuous data. This mode can also 
be used to indicate when the serial line has 
been marking for longer than the programmed 
time limit. In this case, the CPU has read all of 
the characters from the FIFO, but the last char- 
acter received has started the count. If there is 
no new data during the programmed time inter- 
val, the counter ready bit will get set, and an in- 
terrupt can be generated. 


This mode is enabled by writing the appropriate 
command to the command register. Writing an 
‘Ax’ to CRA or CRB will invoke the timeout 
mode for that channel. Writing a ‘Cx’ to CRA or 
CRB will disable the timeout mode. The time- 
out mode should only be used by one channel 
at once, since it uses the C/T. CTU and CTL 
must be loaded with a value greater than the 
normal receive character period. The timeout 
mode disables the regular START/STOP 
Counter commands and puts the C/T into 
counter mode under the control of the received 
data stream. Each time a received character is 
transferred from the shift register to the RHR, 
the C/T is stopped after 1 C/T clock, reloaded 
with the value in CTU and CTL and then re- 
started on the next C/T clock. If the C/T is al- 
lowed to end the count before a new character 
has been received, the counter ready bit, 
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ISR[3], will be set. If IMR[3] is set, this will gen- 
erate an interrupt. Since receiving a character 
after the C/T has timed outwill clear the counter 
ready bit, ISR[3], and the interrupt. Invoking the 
‘Set Timeout Mode On’ command, CRx = ‘Ax’, 
will also clear the counter ready bit and stop the 
counter until the next character is received. 


Multidrop Mode 

The DUART is equipped with a wake up mode 
for multidrop applications. This mode is se- 
lected by programming bits MR1A[4:3] or 
MR1B[4:3] to ‘11’ for Channels A and B, respec- 
tively. In this mode of operation, a ‘master’ sta- 
tion transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, with receivers that are 
normally disabled, examine the received data 
stream and ‘wakeup’ the CPU (by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, and Ad- 
dress/Data (A/D) bit, and the programmed 
number of stop bits. 
transmitted A/D bit is selected by the CPU by 
programming bit 
MR1A[2]/MR1B[2] = 0 transmits a zero in the 
A/D bit position, which identifies the corre- 
sponding data bits as _ data while 
MRI1A[2)//MR1B[2] =.1 transmits a one in the 
A/D bit position, which identifies the corre- 
sponding data bits as an address. The CPU 


should program the mode register prior to load- © 


ing the corresponding data bits into the THR. 


In this mode, the receiver continuously looks at 
the received data stream, whether it is enabled 
or disabled. If disabled, it sets the RxRDY sta- 
tus bit and loads the character into the RHR 
FIFO if the received A/D bit is a one (address 
tag), but discards. the received character if the 
received A/D bitis a zero (data tag). If enabled, 
all received characters are transferred to the 
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The polarity of the 


MRI1A[2/MR1 BIZ]... 


CPU via the RHR. In either case, the data bits 
are loaded into the data FIFO while the A/D bit 
is loaded into the status FIFO position normally 
used for parity error (SRA[5] or SRB[5]). Fram- 
ing error, overrun error, and break detect oper- 
ate normally whether or not the receive is 
enabled. . 


PROGRAMMING 

The operation of the DUART is programmed by 
writing control words into the appropriate regis- 
ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
The addressing of the registers is described in 
Table 1. 


The contents of certain control registers are ini- 


tialized to zero on RESET. Care shouldbe ex- ~~ 


ercisedif the contents of a register are changed 
during operation, since certain changes may 
cause operational problems. For example, 
changing the number of bits per character while 
the transmitter is active may cause the trans- 
mission of an incorrect character. In general, 
the contents of the MR, the CSR, and the 
OPCR should only be changed while the re- 
ceiver(s) and transmitter(s) are not enabled, 
and certain changes to the ACR should only be 
made while the C/T is stopped. 


Mode registers 1 and 2 of each channel are ac- 
cessed via independent auxiliary pointers. The: 
pointer is set to MR1x by RESET or by issuing 
a ‘reset pointer’ command via the correspond- 
ing command register. Any read or write of the | 
mode register while the pointer is at MR1x, 
switches the pointer to MR2x. The pointer then 
remains at MRe2x, so that subsequent accesses 
are always to MR2x unless the pointer is reset 
to MR1x as described above. 


Mode, command, clock select, and status re- 
gisters are duplicated for each channel to pro- 
vide total independent operation and control. 
Refer to Table 2 for register bit descriptions. 
The reserved registers at addresses H'02’ and 
H‘OA’ should never be read during normal oper- 
ation since they are reserved for internal diag- 
nostics. 
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Table 1. Register Addressing 


As [ae fat | ao | READ(RDN=) | WRITE(WRNSO) 


Mode Register A (MR1A, MR2A) Mode Register A (MR1A, MR2A) 
Status Register A (SRA) Clock Select Register A eens 
Reserved Command Register A (CRA) 

Rx Holding Register A (RHRA) Tx Holding Register A (THRA) 
Input Port Change Register (IPCR) Aux. Control Register (ACR) 
Interrupt Status Register (ISR) Interrupt Mask Register (IMR) 
Counter/Timer Upper (CTU) C/T Upper Register (CRUR) 
Counter/Timer Lower (CTL) C/T Lower Register (CTLR) 
Mode Register B (MR1B, MR2B) Mode Register B (MR1B, MR2B) 
Status Register B (SRB) Clock Select Register B (CSRB) 
Reserved Command Register B (CRB) 

Rx Holding Register B (RHRB) Tx Holding Register B (THRB) 
Reserved Interrupt Vector Register (IVR) 
Input Port Output Port Conf. Register (OPCR) 
Start Counter Command Set Output Port Bits Command 
Stop Counter Command Reset Output Port Bits Command 


a Sse oo os ot ot OO OC OC OO SFO 


= —— Oo] 00+ 00 + = OO 
-_O-0O-0+:0;-0;0:0+-0 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 


MR1A — Channel A Mode 

Register 1 

MRI1A is accessed when the Channel A MR 
pointer points to MR1. The pointer is set to MR1 
by RESET or by a ‘set pointer’ command 
applied via CRA. After reading or writing 
MR1A, the pointer will point to MR2A. 


MR1A[7] — Channel A Receiver 
Request-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the receiver. This outputis nor- 
mally asserted by setting OPR[0] and negated 
by resetting OPR[O]. MRI1A[7] = 1 causes 
RTSAN to be negated upon receipt of a valid 
Start bit If the Channel A FIFO is full. However, 
OPR{[0]is not reset and RTSAN will be asserted 
again when an empty FIFO position is avail- 
able. This feature can be used for flow control 
to prevent overrun in the receiver by using the 
RTSAN output signal to control the CTSN input 
of the transmitting device. 


MR1A[6] — Channel A Receiver 

Interrupt Select 

This bit selects either the Channel A receiver 
ready status (RxRDY) or the Channel A FIFO 
full status (FFULL) to be used for CPU inter- 
rupts. It also causes the selected bit to be out- 
put on OP4 if it is programmed as an interrupt 
output via the OPCR. 


MR1A[5] — Channel A 

Error Mode Select 

This bit selects the operating mode of the three 
FlFOed status bits (FE, PE, received break) for 
Channel A. In the ‘character’ mode, status is 
provided on a character-by-character basis; 
the status applies only to the character at the 
top of the FIFO. Inthe ‘block” mode, the status 
provided in the SR for these bits is the accumu- 
lation (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the last 
‘reset error’ command for Channel A was is- 
sued. 
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MR1A[4:3| —- Channel A Parity Mode Select 
lf ‘with parity’ or ‘force parity’ is selected a parity 
bit is added to the transmitted character and the 
receiver performs a parity check on incoming 
data MR1A[4:3] = 11 selects Channel A to oper- 
ate in the special multidrop mode described in 
the Operation section. 


MR1A[2] — Channel A Parity Type Select 
This bit selects the parity type (odd or even) if 
the ‘with parity’ mode is programmed by 
MR1A[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. It 
has no effect if the ‘no parity’ mode is pro- 
grammed. In the special multidrop mode it se- 
lects the polarity of the A/D bit. 


MR1A[1:0] - Channel A Bits Per Character 
Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, par- 
ity, and stop bits. 


MR2A — Channel A Mode 

Register 2 

MR2A is accessed when the Channel A MR 
pointer points to MR2, which occurs after any 
access to MR1A. Accesses to MR2A do not 
change the pointer. 


MR2A[7:6] — Channel A Mode 

Select 

Eachchannel of the DUART can operate in one 

of four modes. MR2A[7:6] = 00 is the normal 

mode, with the transmitter and receiver operat- 

ing independently. MR2A[7:6] = 01 places the 

channelin the automatic echo mode, which au- 

tomatically retransmits the received data. The 

following conditions are true while in automatic 

echo mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 
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3. The receiver must be enabled, but the 
transmitter need not be enabled. 


4. The Channel A TxRDY and TxEMT status 
bits are inactive. 


5. The received parity is checked, but is not 
regenerated for transmission, i.e. trans- 
mitted parity bitis as received. 


6. Character framing is checked, but the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 


8. CPU to receiver communication continues 
normally, but the CPU to transmitter link is 
disabled. 


Two diagnostic modes can also be configured. 

MR2A[7:6] = 10 selects local loopback mode. 

In this mode: 

1. The transmitter output is internally con- 
nected to the receiver input. 


2. The transmit clock is used for the receiv- 
er. 


3. The TxDA output is held High. 
4. The RxDA input is ignored. 


5. The transmitter must be enabled, but the 
receiver need not be enabled. 


6. CPU to transmitter and receiver communi- 
cations continue normally. 


The second diagnostic mode is the remote 

loopback mode, selected by MR2A[7:6] = 11. 

In this mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 
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sad 


Received data is not sent to the local 
CPU, and the error status conditions are 
inactive. 


& 


The received parity is not checked and is 
not regenerated for transmission, L.e., 
transmitted parity is as received. 


on 


The receiver must be enabled. 


O 


Character framing is not checked, and the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 


The user must exercise care when switching 
into and out of the various modes. The se- 
lected mode will be activated immediately upon 
mode selection, even if this occurs in the middle 
of a received or transmitted character. Like- 


Table 2. 


Register Bit Formats 





MR1A 





BIT 7 BIT6 BIT 5 BIT 4 


CHANNEL MODE 


00 = Normal 

01 = Auto-Echo 
10 = Local loop 
11 = Remote loop 





NOTE: 


BIT 7 BIT 6 


wise, if a mode is deselected the device will 


switch out of the mode immediately. An excep- 
‘tion to this is switching out of autoecho or re- 


mote loopback modes: if the de-selection 
occurs just after the receiver has sampled the 
stop bit (indicated in autoecho by assertion of 
RxRDY), and the transmitter is enabled, the 
transmitter will remain in autoecho mode until 
the entire stop has been retransmitted. 


MR2A[5] — Channel A Transmitter Re- 
quest-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the transmitter. This output is 
normally asserted by setting OPR[O] and ne- 
gated by resetting OPR[O]. MR2A[5] = 1 
caused OPR[0] to be reset automatically one 
bit time after the characters in the Channel A 
transmit shift register and in the THR, if any, are 





BIT 5 








0 = Char 00 = With Parity 
1 = Block 01 = Force Parity 
10 = No Parity 


11 = Multidrop Mode 


TxRTS | 
CONTROL 


CTS 
ENABLE Tx 


*Add 0.5 to values shown for 0 — 7 if channel is programmed for 5 bits/char. 












BIT 7 BIT 6 


CSRA 


BIT 7 BIT 6 








BIT5 | BIT 4 BIT 3 


RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT 


BIT 4 BIT 3 BIT 2 BIT O 


BIT 5 


} BIT4 BIT 3 BIT 2 BIT 1 BIT 0 


RxRTS RxINT ERROR PARITY BITS PER 
CONTROL SELECT MODE PARITY MODE TYPE CHARACTER 


0 = RxRDY 
1 = FFULL 


BIT 3 


completely transmitted including the: pro- 
grammed number of stop bits, if the transmitter 
is notenabled. This feature can be used to au- 
tomatically terminate the transmission of a 
message as follows: 

1. Program auto-reset mode: MR2A[5] = 1. 


2. Enable transmitter. 

3. Assert RTSAN: OPR{O] = 1. 
4. Send message. 

a 


. Disable transmitter after the last character 
is loaded into the Channel A THR. 


2 


The last character will be transmitted and 
OPR[O] will be reset one bit time after the 
last stop bit, causing RTSAN to be 
negated. 








00=5 


BIT 2 BIT 1 BIT 0 


STOP BIT LENGTH’ 


4=0.813 
5.= 0.875 
6 = 0.938 
7 = 1,000 









BIT 2 BIT 1 BIT 0 





MISCELLANEOUS COMMANDS ) DISABLE Tx | ENABLE Tx | DISABLE Rx | ENABLE Rx 





BIT 7 BIT 6 BIT 5 BIT4 _ BIT 3 BIT 2 BIT O 


RECEIVED FRAMING PARITY OVERRUN 





SRA 0 =No 


1 = Yes 


0=No 
1 = Yes 





NOTE: 
* These status bits are appended to the corresponding data character in the receive FIFO. A read of the status provides these bits (7:5) from 


the top of the FIFO together with bits (4:0). These bits are cleared by a “reset error status” command. In character mode they are discarded 
when the corresponding data character is read from the FIFO. 
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0 =No 
1 = Yes 


Q0=No 
1 = Yes 


Q=No 
1 = Yes 


Q=No 
1 = Yes 
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0=No 
1 = Yes 





0 =No 
1 = Yes 


0 = No 
1 = Yes 





0=No 
1 = Yes 


Q=No 
1 = Yes 


Q=No 
1 = Yes 
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Table 2. Register Bit Formats (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
accel ee Oe Ore le oe Ne eee eee 







































OPCR 0 = OPR[7] 0 = OPR{6] 0 = OPR[5}] 0 = OPR{4] 00 = OPR{[3] 11 = OPR[2]} 
1=TxRDYB | 1=TxRDYA | 1=RxRDY/ | 1 = RxRDY/ 01 = C/T OUTPUT 01 = TxCA(16x) 
FFULLB FFULLA 10 = TxCB(1x) 10 = TxCA(1x) 
11 = RxCB(1x) 11 = RxCA(1x) 















BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA 
SELECT MODE AND SOURCE IP3 INT IP2 INT IP1 INT IPO INT 

ACR 0 =set 1 0 = Off 0 = Off 0 = Off 


DELTA DELTA DELTA DELTA IP4 
IP3 IP2 IP1 IPO 


IPCR 0=No 0 =No 0=No 0 =No 0 = Low 0 = Low 0 = Low 0 = Low 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = High 1 = High 1 = High 1 = High 


BIT 7 BIT 6 BIT5 BIT 4 BIT 2 BITO 


IN PORT DELTA RxRDY/ COUNTER | DELTA RxRDY/ 
CHANGE | BREAKB | FFULLB | /*RDYB READY | BREAKA | FFULLA TxRDYA 


0=No 0 =No 0=No 0 = No 0=No 0=No 0 =No 0=No 
1 = Yes 1 = Yes 1= Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 










































BIT 7 BIT 6 BIT 5 BIT 3 BIT 2 BIT 0 
IN PORT RxRDY/ COUNTER RxRDY/ 
CHANGE FFULLB bale READY FFULLA oe 
INT INT INT INT 
0 = Off 0 = Off 0 = Off 0 = Off 0 = Off 0 = Off 0 = Off 
1=On 1=On 1=On 1=On 1=On 1=On 1=On 1=On 









C/T[15] C/T[14} C/T[13] C/T[12] C/T[11] C/T[10] C/T[9] C/T[8] 


C/T[7] C/T[6] C/T[5] C/T[4] C/T[3] C/T[2] C/T[1] C/T[0} 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
IVR[7] IVR[6] IVR{5] IVR[4] IVR{3] IVR[2] IVRI1] IVR[O] 
Ne ae Ae eee dees et ae ee tl sce ee 


CTUR 
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MR2A[4] — Channel A Clear-to-Send 
Control 

If this bitis O, CTSAN has no effect on the trans- 
mitter. If this bit is a 1, the transmitter checks 
the state of CTSAN (IPO) each time it is ready 
to send a character. If IPO is asserted (Low), 
the character is transmitted. If it is negated 
(High), the TxDA output remains in the marking 
state and the transmission is delayed until 
CTSAN goes low. Changes in CTSAN while a 
character is being transmitted do not affect the 
transmission of that character. 


MR2A[3:0] — Channel A Stop Bit Length 
Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 1-—9/16 to 2 bits, in in- 
crements of 1/16 bit, can be programmed for 
character lengths of 6, 7, and8 bits. Fora char- 
acter lengths of 5 bits, 1-1/16 to 2 stop bits can 
be programmed in increments of 1/16 bit. In all 
cases, the receiver only checks for a ‘mark’ 
condition at the center of the first stop bit posi- 
tion (one bit time after the last data bit, or after 
the parity bit is enabled). 


If an external 1X clock is used for the transmit- 
ter, MR2A[3] = 0 selects one stop bit and 
MR2A[3] = 1 selects two stop bits to be 
transmitted. 


MR1B — Channel B Mode 
Register 1 


MR1B is accessed when the Channel B MR 
pointer points to MR1. The pointeris setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRB. After reading or writing 
MR 1B, the pointer will point to MR2B. 


The bit definitions for this register are identical 
to MR1A, except that all control actions apply 
to the Channel B receiver and transmitter and 
the corresponding inputs and outputs. 


MR2B — Channel B Mode 

Register 2 

MR2B is accessed when the Channel B MR 
pointer points to MR2, which occurs after any 
access to MR1B. Accesses to MR2B do not 
change the pointer. 


The bit definitions for mode register are identi- 
cal to the bit definitions for MR2A, except that 
all control actions apply to the Channel B re- 
ceiver and transmitter and the corresponding 
inputs and outputs. 


CSRA — Channel A Clock Select 
Register 


CSRA[7:4] — Channel A Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel A transmitter. The field definition is 
shown in Table 3. 
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CSRAJ[3:0] — Channel A Transmitter Clock 
Select 

This field selects the baud rate clock for the 
ChannelA transmitter. The field definition is as 
shown in Table 3, except as follows: 


Baud Rate 

CSRA[3:0] ACR[7]=0 ACR[7]=1 

1110 IP3—16X IP3—16X 
1111 |P3—1X IP3—-1X 


The transmitter clock is always a 16X clock ex- 


cept for CSRA[3:0] = 1111. 
Baud Rate 
ACR[7] =1 


Table 3. 


Baud Rate 


















CSRAI7:4] 
































50 75 
110 110 
134.5 134.5 
200 150 
300 300 
600 600 

1,200 1,200 
1,050 2,000 
2,400 2,400 
4,800 4,800 
7,200 1,800 
9,600 9,600 
38.4k 19.2k 
Timer Timer 
IP4—16X IP4—16X 
IP4—1X |P4—1X 


NOTE: The receiver clock is always a 16X 
clock except for CSRA[7:4] = 1111. 


CSRB — Channel B Clock Select 
Register 


CSRB[7:4] — Channel B Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel B receiver. The field definition is as 
shown in Table 3, except as follows: 


Baud Rate 

CSRB[7:4] ACR[7]=0 ACR[7]=1 

1110 IP6—16X |IP6—16X 
1111 IP6-1X IP6—-1X 


The receiver clock is always a 16X clock except 
for CSRB[7:4] = 1111. 


CSRB[3:0] — Channel B Transmitter Clock 
Select 

This field selects the baud rate clock for the 
ChannelB transmitter. The field definition is as 
shown in Table 3, except as follows: 


Baud Rate 

CSRB[3:0] ACR[7]=0 ACR[7]=1 

1110 |IP5—-16X IP5—16X 
1111 |IP5—1X |IP5—1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[3:0] = 1111. 
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CRA — Channel A Command 
Register 

CRA is a register used to supply commands to 
Channel A. Multiple commands can be speci- 
fied in a single write to CRA as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannotbe specified in a single command word. 


CRA[7:4] — Miscellaneous Commands 

The encoded value of this field may be used to 
specify a single command as follows: 

0000 No command. 

0001 Reset MR pointer. Causes the Channel 
A MR pointer to point to MR1. 

Reset receiver. Resets the Channel A 
receiver as if ahardware reset had been 
applied. The receiver is disabled and 
the FIFO is flushed. 

Reset transmitter. Resets the Channel 
A transmitter as if a hardware reset had 
been applied. 

Reset error status. Clears the Channel 
A Received Break, Parity Error, and 
Overrun Error bits in the status register 
(SRA[7:4]). Used in character mode to 
clear OE status (although RB, PE and 
FE bits will also be cleared) and in block 
mode to clear ail error status after a 
block of data has been received. 
Reset Channel A break change inter- 
rupt. Causes the Channel A break de- 
tect change bit in the interrupt status 
register (ISR[2]) to be cleared to zero. 
Start break. Forces the TxDA output 
Low (spacing). If the transmitter is 
empty the start of the break condition will 
be delayed up to two bit times. If the 
transmitter is active the break begins 
when transmission of the character is 
completed. Ifa character is in the THR, 
the start of the break will be delayed until 
that character, or any other loaded 
subsequently are transmitted. The 
transmitter must be enabled for this 
command to be accepted. 

Stop break. The TxDA line will go High 
(marking) within two bit times. TxDA will 
remain High for one bit time before the 
next character, if any, is transmitted. 
Assert RTSN. Causes the RTSN output 
to be asserted (Low). 

Negate RTSN. Causes the RTSN out- 
put to be negated (High). 

Set Timeout Mode On. The receiver in 
this channel will restart the C/T as each 
receive character is transferred from the 
shift register to the RHR. The C/T is 
placed in the counter mode, the START/ 
STOP counter commands are disabled, 
the counter is stopped, and the Counter 
Ready Bit, ISR{3], is reset. 

Not used. 

Disable Timeout Mode. This command 
returns control of the C/T to the regular 
START/STOP counter commands. It 
does not stop the counter, or clear any 
pending interrupts. After disabling the 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 
1100 


Philips Components—Signetics Data Communication Products 


Product Specification 





Dual asynchronous receiver/transmitter (DUART) 


timeout mode, a ‘Stop Counter’ com- 
mand should be issued 

Not used. 

Power Down Mode On. In this mode, 
the DUART oscillator is stopped and all 
functions requiring this clock are sus- 
pended. The execution of commands 
other than disable power down mode 
(1111) requires a X1/CLK. While in the 
power down mode, do not issue any 
commands to the CR except the disable 
power down mode command. It is rec- 
ommended that the transmitter and re- 
ceiver be disabled prior to placing the 
DUART into power down mode. This 
commandis in CRA only. Design Note: 
The part will not output DTACKN while 
in power down mode. Use automatic 
DTACKN generation. 

Disable Power Down Mode. This com- 
mand restarts the oscillator. After invok- 
ing this command, wait for the oscillator 
to start up before writing further com- 
mands to the CR. This command is in 
CRA only. 


CRA([3] — Disable Channel A 

Transmitter 

This command terminates transmitter opera- 
tion and reset the TxDRY and TxEMT status 
bits. However, if a character is being trans- 
mitted or if a character is in the THR when the 
transmitter is disabled, the transmission of the 
character(s) is completed before assuming the 
inactive state. 


1101 
1110 


1111 


CRA[2] — Enable Channel A 

Transmitter 

Enables operation of the Channel A transmitter. 
The TxRDY status bit will be asserted. 


CRA[1] — Disab!e Channel A Receiver 

This command terminates operation of the re- 
ceiver immediately — a character being re- 
ceived will be lost. The command has no effect 
on the receiver status bits or any other control 
registers. If the special multidrop mode is pro- 
grammed, the receiver operates even if itis dis- 
abled. See Operation section. 


CRA[0] — Enable Channel A Receiver 
Enables operation of the Channel A receiver. 
If not in the special wakeup mode, this also 
forces the receiver into the search for start bit 
state. 


CRB — Channel B Command 
Register 

CRB is a register used to supply commands to 
Channel B. Multiple commands can be speci- 
fied in a single write to CRB as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


The bit definitions for this register are identical 
to the bit definitions for CRA, with the exception 
of comamnds “Ex” and “Fx” which are used for 


November 5, 1990 


power downmode. These two commands are 
not used in CRB. All other control actions that 
apply to CRA also apply to CRB. 


SRA — Channel A Status 
Register 


SRA[7] — Channel A Received Break 

This bit indicates that an all zero character of 
the programmed Jength has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received: further 
entries to the FIFO are inhibited until the RXxDA 
line to the marking state for at least one-half a 
bit time (two successive edges of the internal or 
external 1X clock). 


When this bit is set, the Channel A ‘change in 
break’ bit in the ISR (ISR[2]) is set. ISR[2] is 
also set when the end of the break condition, as 
defined above, is detected. 


The break detect circuitry can detect breaks 
that originate in the middle of a received char- 
acter. However, if a break begins in the middle 
of a character, it must persist until at least the 
end of the next character time in order for it to 
be detected. 


SRA[6] — Channel A Framing Error 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 


SRA[5] — Channel A Parity Error 

This bitis setwhen the ‘with parity’ or ‘force par- 
ity’ mode is programmed and the correspond- 
ing character in the FIFO was received with 
incorrect parity. In the special multidrop mode, 
the parity error bit stores the received A/D bit. 


SRA[4] - Channel A Overrun Error 

This bit, when set, indicates that one or more 
characters in the received data stream have 
been lost. Itis setupon receipt of anew charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. This bit is cleared by a ‘reset 
error status’ command. 


SRA[3] — Channel A Transmitter Empty 
(TxEMTA) 

This bit willbe set when the Channel A transmit- 
ter underruns; i.e., both the Transmit Holding 
Register (THR) and the transmit shift register 
are empty. Itis set after transmission of the last 
stop bit of a character if no character is in the 
THR awaiting transmission. Itis reset when the 
THRis loaded by the CPU orwhen the transmit- 
ter is disabled. 
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SRA[2] — Channel A Transmitter Ready 
(TxRDYA) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR ts loaded by 
the CPU andis set when the character is trans- 
ferred to the transmit shift register. TxRDY is 
reset when the transmitter is disabled andis set 
when the transmitter is first enabled, e.g., char- 
acters loaded into the THR while the transmitter 
is disabled will not be transmitted. 


SRA[1} — Channel A FIFO Full (FFULLA) 
This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
Ifacharacter is waiting in the receive shift regis- 
ter because the FIFO is full, FFULL will not be 
reset when the CPU reads the RHR. 


SRA[0] — Channel A Receiver Ready 
(RxRDYA) 

This bit indicates that a character has been re- 
ceived and Is waiting in the FIFO to be read by 
the CPU. Itis set when the character is trans- 
ferred from the receive shift to the FIFO and re- 
set when the CPU reads the RHR, if after this 
read there are not more characters still in the 
FIFO. 


SRB — Channel B Status 

Register 

The bit definitions for this register are identical 
to the bit definitions for SRA, except that all sta- 
tus applies to the Channel Breceiver and trans- 
mitter and the corresponding inputs and 
outputs. 


OPCR - Output Port 
Configuration Register 


OPCR[7] — OP7 Output Select 

This bit programs the OP7 output to provide 
one of the following: 

— The complement of OPR[7]. 


— The Channel B transmitter interrupt output 
which is the complement of TxRDYB. 
When in this mode OP7 acts as an 
open-drain output. Note that this output is 
not masked by the contents of the IMR. 


OPCR{[6] — OP6 Output Select 

This bit programs the OP6 output to provide 

one of the following: 

— The complement of OPR[6]. 

— The Channel A transmitter interrupt output 
which is the complement of TxRDYA. 
When in this mode OP6 acts as an 
open-drain output. Note that this output is 
not masked by the contents of the IMR. 
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OPCR{[5] — OP5 Output Select 

This bit programs the OP5 output to provide 
one of the following: 

— The complement of OPR[5)]. 


~— The Channel B transmitter interrupt output 
which is the complement of ISR[5]. When 
in this mode OP5 acts as an open-drain 
output. Note that this output is not masked 
by the contents of the IMR. 


OPCR[4] — OP4 Output Select 

This field programs the OP4 output to provide 
one of the following: 

— The complement of OPR[4]. 


— The Channel A receiver interrupt output 
which is the complement of ISR[1]. When 
in this mode OP4 acts as an open-drain 
output. Note that this output is not 
masked by the contents of the IMR. 


OPCR[3:2] — OP3 Output Select 

This bit programs the OP3 output to provide 
one of the following: 

— The complement of OPR{[3]. 


— The counter/timer output, in which case 
OP acts as an open-drain output. In the 
timer mode, this output is a square wave at 
the programmed frequency. In the counter 
mode, the output remains High until termi- 
nal count is reached, at which time it goes 
Low. The output returns to the High state 
when the counter is stopped by a stop 
counter command. Note that this output is 
not masked by the contents of the IMR. 

— The 1X clock for the Channel B transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel B receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


OPCR{[1:0] — OP2 Output Select 

This field programs the OP2 output to provide 

one of the following: 

— The complement of OPR{2). 

— The 16X clock for the Channel A transmit- 
ter. This is the clock selected by 
CSRA[3:0], and will be a 1X clock if 
CSRA[3:0] = 1111. 

~— The 1X clock for the Channel A transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel A receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 
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ACR - Auxiliary Control 
Register 
ACR[7] — Baud Rate Generator Set Select 


This bit selects one of two sets of baud rates to 
be generated by the BRG. 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

Set 2: 75, 110, 134.5, 150, 300, 600, 1.2k, 


1.8k, 2.0k, 2.4k, 4.8k, 9.6k, and 
19.2k baud. 
The selected set of rates is available for use by 
the ChannelA and Breceivers and transmitters 
as described in CSRA and CSRB. Baud rate 
generator characteristics are given in Table 4. 


Table 4. Bit Rate Generator 
Characteristics 
Crystal or Clock = 
3.6864MHz 


NORMAL 
BAUD 
RATE 


ACTUAL 
16x CLOCK | ERROR (%) 
(kHz) 





NOTE: 
Duty cycle of 16x clock is 50% + 1%. 


ACR{[6:4] — Counter/Timer Mode And 
Clock Source Select 

This field selects the operating mode of the 
counter/timer and its clock source as shown in 
Table 5. 
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Table 5. ACR [6:4] Field 


Definition 


[RAT] MODE | GLOKSOURGE 


Counter | External (IP2) 

Counter | TxCA — 1x clock of 
Channel A transmitter 
TxCB — 1x clock of 
Channel B transmitter 
Crystal or external clock 
(x1/CLK) divided by 16 
External (IP2) 

External (IP2) divided 
by 16 

Crystal or external clock 
(X1/CLK) 

Crystal or external clock 
(X1/CLK) divided by 16 


Counter 
Counter 


Timer 
Timer 


Timer 


Timer 


ACR[3:0] — 1P3, IP2, IP1, IPO 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register (ISR[7]) to be 
set. If a bit is in the ‘on’ state the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. If abit 
is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7:4] — IP3, IP2, 1P1, IPO 
Change-of-State 

These bits are set when a change-of-state, as 
defined in the input port section of this data 
sheet, occurs at the respective input pins. They 
are cleared when the IPCRis read by the CPU. 
A read of the IP-CR also clears ISR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to 
generate an interrupt to the CPU. 


IPCR[3:0] ~1P3, 1P2, IP1, IPO 
Change-of-State’ | 
These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the input pins at the 
time the IPCR is read. 
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ISR — Interrupt Status Register 

This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the Interrupt Mask Register 
(IMR). If a bit in the ISR is a ‘1’ and the corre- 
sponding bit in the IMR is also a ‘1’, the INTRN 
output will be asserted (Low). If the corre- 
sponding bit in the IMR is a zero, the state of 
the bit in the ISR has no effect on the INTRN 
output. Note that the IMR does not mask the 
reading of the ISR — the true status will be pro- 
vided regardless of the contents of the IMR. 
The contents of this register are initialized to 


001;g when the DUART is reset. 


ISR[7] — Input Port Change Status 

This bit is a'1’ when a change-of-state has oc- 
curred at the IPO, IP1, IP2, or IP3 inputs and 
that event has been selected to cause an inter- 
rupt by the programming of ACR[3:0]. The bit 
is cleared when the CPU reads the IPCR. 


ISR[6] —- Channel B Change In Break 

This bit, when set, indicates that the Channel B 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel B ‘reset break change inter- 
rupt’' command. 


ISR[5] - Channel B Receiver Ready 

or FIFO Full 

The function of this bit is programmed by 
MR1B{[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel B andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
If after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis setwhen a character is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel B FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
Ifa characteris waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the waiting character is loaded into 
the FIFO. 


ISR[4] - Channel B Transmitter Ready 
This bit is a duplicate of T<xRDYB (SRB{2)). 


ISR[3] - Counter Ready. 

In the counter mode, this bit is set when the 
counter reaches terminal count and is reset 
when the counter is stopped by a stop counter 
command. 


In the timer mode, this bit is set once each cycle 
of the generated square wave (every other time 
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that the counter/timer reaches zero count). The 
bit is reset by a stop counter command. The 
command, however, does not stop the counter/ 
timer. 


ISR[2] — Channel A Change in Break 

This bit, when set, indicates that the Channel A 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel A ‘reset break change inter- 
rupt’ command. 


ISR[1] -— Channel A Receiver Ready Or 
FIFO Full 

The function of this bit is programmed by 
MR1A[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
ChannelA andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
If after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO ts ‘popped’. If programmed as FIFO full, 
itis setwhen acharacter is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel A FIFO to be- 
come full: i.e., all three FIFO positions are occu- 
pied. Itis resetwhen the CPU reads the RHR. 
Ifa character is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the ISR[0} and IMR waiting charac- 
ter is loaded into the FIFO. 


iSR[0] - Channel A Transmitter Ready 
This bit is a duplicate of T<RDYA (SRA[2]). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR causes an interrupt output. Ifa 
bit in the ISR is a ‘1’ and the corresponding bit 
in the IMR is also a‘1' the INTRN output will be 
asserted. If the corresponding bitin the IMR is 
a zero, the state of the bit in the ISR has no ef- 
fect on the INTRN output. Note that the IMR 
does not mask the programmable interrupt out- 
puts OP3—OP7 or the reading of the ISR. 


CTUR and CTLR — Counter/Timer 


Registers 

The CTUR and CTLR hold the eight MSBs and 
eight LSBs, respectively, of the value to be 
used by the counter/timer in either the counter 
or timer modes of operation. The minimum va- 
lue which may be loaded into the CTUR/CTLR 
registers is H‘0002’. Note that these registers 
are write-only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
C/T generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
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and CTLR. If the value in CTUR and CTLR is 
changed, the current half-period will not be af- 
fected, but subsequent half periods will be. The 
C/T will not be running until it receives an initial 
‘Start Counter’ command (read at address 
A3—A0 = 1110). After this, while in timer mode, 
the C/T will run continuously. Receipt of a start 
counter command (read with AS—AO = 1110) 
causes the counter to terminate the currenttim- 
ing cycle and to begin anew cycle using the va- 
lues in CTUR and CTLR. 


The counter ready status bit (ISR[3]) is set once 
each cycle of the square wave. The bit is reset 
by a stop counter command (read with A3—AO 
= H'F'). The command however, does not stop 
the C/T. The generated square wave is output 
on OP3 if it is programmed to be the C/T 
output. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR and CTLR 
by the CPU. Counting begins upon receipt of 
a start counter command. Upon reaching ter- 
minal count H'0000’, the counter ready inter- 
rupt bit (ISR[3]) is set. The counter continues 
counting past the terminal count until stopped 
by the CPU. If OP3 is programmed to be the 
output of the C/T, the output remains High until 
terminal count is reached, at which time it goes 
Low. The output returns to the High state and 
ISR[3] is cleared when the counter is stopped 
by a stop counter command. The CPU may 
change the values of CTUR and CTLR at any 
time, but the new count becomes effective only 
onthe next start counter commands. If new val- 
ues have not been loaded, the previous count 
values are preserved and used for the next 
count cycle 


In the counter mode, the current value of the up- 
per and lower 8 bits of the counter (CTU, CTL) 
may be read by the CPU. It is recommended 
that the counter be stopped when reading to 
prevent potential problems which may occur if 
a carry from the lower 8 bits to the upper 8 bits 
occurs between the times that both halves of 
the counter are read. However, note thata sub- 
sequent start counter command will cause the 
counter to begin anewcountcycle using the va- 
lues in CTUR and CTLR. 


IVR — Interrupt Vector Register 
This register contains the interrupt vector. The 
register is initialized to H'‘OF’ by RESET. The 
contents of the register are placed on the data 
bus when the DUART responds to a valid inter- 
rupt acknowledge cycle. 
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Figure 3. Bus Timing (Write Cycle) 
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Figure 4. Interrupt Cycle Timing 
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Figure 5. Port Timing 
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INTERRUPT‘ 
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NOTES: 


1. INTRN or OP3 —- OP7 when used as interrupt outputs. 
2. The test for open drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from themidpoint of the switching signal, Vy, to a 


point 0.5 volts above Voy. This point represents noise margin that assures true switching has occurred. Beyond this level, the effects of external circuitry and test environment are pronounced 
and can greatly affect the resultant measurement. 


Figure 6. Interrupt Timing 
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X1/CLK 
RxC 


Tx 


NOTE: * X2can be left open or 
grounded when X1 is driven. 


C1 =C2=24pF FOR C, = 20pF 
: eee SCC68692 


TYPICAL CRYSTAL SPECIFICATION 


Frequency 2-4MHz 
Load Capacitance (C,) 12 - 32pF 
Type of Operation Parallel resonant, fundamental mode 


Figure 7. Clock Timing 
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Figure 8. Transmit Timing 
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Figure 9. Receive Timing 
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NOTES: 
1. Timing shown for MR2(4) = 1. 
2. Timing shown for MR2(5) = 1. 


Figure 10. Transmitter Timing 
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Figure 11. Receiver Timing 
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Figure 12. Wake-Up Mode 


Figure 13. Test Conditions on Outputs 
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DESCRIPTION 

The SC68C92 is a pin and function 
replacement for the SCC68692 with 
added features and deeper fifos. Its 
configuration on power up is that of the 
SCC68692. Its differences from the 
SCC68692 are: 8 character receiver, 

8 character transmit fifos, receiver watch 
dog timer, mode register 0 is added, 
extended baud rate and overall faster 
speeds, programmable receiver and 
transmitter interrupts. 

The Signetics SC68C92 Dual Universal 
Asynchronous Receiver/Transmitter 
(DUART) is a single-chip CMOS-LSI 
communications device that provides 
two full-duplex asynchronous 
receiverAransmitter channels in a single 
package. It interfaces directly with 
microprocessors and may be used in a 
polled or interrupt driven system. 







The operating mode and data format of 
each channel can be programmed 
independently. Additionally, each 
receiver and transmitter can select its 
operating speed as one of eighteen 
fixed baud rates, a 16X clock derived 
from a programmable counter/timer, or 
an external 1X or 16X clock. The baud 
rate generator and counter/timer can 
operate directly from a crystal or from 
external clock inputs. The ability to 
independently program the operating 
speed of the receiver and transmitter 
make the DUART particularly attractive 
for dual-speed channel applications 
such as clustered terminal systems. 


Each receiver is buffered by eight 
character fifos to minimize the potential 
of receiver over-run or to reduce 
interrupt overhead in interrupt driven 
systems. In addition, a flow control 
capability is provided to disable a 


SC68C92 


Dual asynchronous 
receiver/transmitter (DUART) 


remote transmitter when the receiver 
buffer is full. 

Also provided on the SC68C92 are a 
multipurpose 7-bit input port and a 
multipurpose 8-bit output port. These 
can be used as general purpose 1/O 
ports or can be assigned specific 
functions (such as clock inputs or 
status/interrupt outputs) under program 
control. 

The SC68C92 is available in three 
package versions: 40-pin and 28-pin, 
0.6” wide, DIPs and a 44-pin PLCC. 


FEATURES 

@ $6800 bus compatible 

® Dual full-duplex independent 
asynchronous receiver/fransmitters 

® 8 character fifos for each receiver and 
transmitter 

® Programmable data format 
~ 5 to 8 data bits plus parity 
~ Odd, even, no parity or force parity 
~ 1, 1.5 or 2 stop bits programmable 

in 1/16-bit increments 


@ Programmable baud rate for each 
receiver and transmitter selectable 
from: 
~ 18 fixed rates: 50 to 38.4k baud 
— Other baud rates to 230.4k baud at 
16X 

~— Programmable user-defined rates 
derived from a programmable 
counter/timer 


~ External 1X or 16X clock 


® Parity, framing, and overrun error 
detection 


@ False start bit detection 


@ Line break detection and generation 
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@ Programmable channel mode 
— Normal (full-duplex) 
— Automatic echo 
— Local loopback 
— Remote loopback 
® Multi-function 7-bit input port 
— Can serve as clock or control inputs 
— Change of state detection on four 
inputs 
® Multi-function 8-bit output port 
— Individual bit set/reset capability 
— Outputs can be programmed to be 
Status/interrupt signals 
e Versatile interrupt system 


— Single interrupt output with eight 
maskable interrupting conditions 


— Output port can be configured to 
provide a total of up to six separate 
wire-ORable interrupt outputs 


— Each fifo can be programmed for 
four different interrupt levels 


— Watch dog timer for each receiver 


® Maximum data transfer rates: 
1X — 1MB/sec, 16X ~ 1Mb/sec 


@ Automatic wake-up mode for multidrop 
applications 


@ Start-end break interrupt/status 


@ Detects break which originates in the 
middle of a character 


@ On-chip crystal oscillator 
® Power down mode 
® Receiver timeout mode 


® Commercial, industrial and military 
temperature range versions 


@ TTL compatible 
® Single +5V power supply 
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PIN CONFIGURATIONS 


TOP VIEW 


PIN/FUNCTION PIN/FUNCTION 


NC 
INTRN 
D6 

D4 

b2 

Do 
OP6 
OP4 
OP2 
OPO 
TxDA 
NC 
RxDA 
X1/CLK 
X2 
RESET 
CSN 
IP2 
IACKN 
IP5 
IP4 


Vec 


88 


EGSRZLSBSLRREBKRE 





ORDERING INFORMATION . 


| DESCRIPTION | Veo = +5V +10%, Ta =0 to +70°C | Voc = +5V 410%, Ta = -40 to +85°C 
40-Pin Cerdip SC68C92C 1F40 SC68C92E1F40 










40-Pin Plastic DIP | SC68C92C1N40 SC68C92E1N40 
44-Pin Plastic LCC | SC68C92C 1A44 | SC68C92E1A44 
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BLOCK DIAGRAM 
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PIN DESCRIPTION 


SYMBOL | PINNO. | TYPE NAME AND FUNCTION 


25,16,24,17 Data Bus: Bidirectional 3-State data bus used to transfer commands, data and status between the 
23,18,22,19 DUART and the CPU. D0 is the least significant bit. 


35 Chip Enable: Active-Low input signal. When Low, data transfers between the CPU and the DUART are 
enabled on DO-D7 as controlled by the R/WN and A1-—A4 inputs. When CEN is High, the DUART places 
the DO—D7 lines in the 3-State condition. 


Read/Write: A High input indicates a read cycle and a low input indicates a write cycle, when a cycle is 
initiated by assertion of the CSN input. 


Address Inputs: Select the DUART internal registers and ports for read/write operations. 


Reset: A Low level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), initializes the IVR to 
hex OF, puts OPO-OP7 in the High state, stops the counter/timer, and puts Channels A and B in the inac- 
tive state, with the TxDA and TxDB outputs in the mark (High) state. 


Data Transfer Acknowledge: 3-State active-Low output asserted in write, read, or interrupt cycles to 
indicate proper transfer of data between the CPU and the DUART. 


Interrupt Request: Active-Low, open-drain output which signals the CPU that one or more of the eight 
maskable interrupting conditions are true. 






























































CSN 








R/WN 8 














A1—A4 
RESETN 


1,2,5,6 









DTACKN 






INTRN 









IACKN Interrupt Acknowledge: Active-Low input indicating an interrupt acknowledge cycle. In response, the 


DUART will place the interrupt vector on the data bus and will assert DTACKN if it has an interrupt pend- 
ing. 

Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be supplied at all 
times. When a crystal is used, a capacitor must be connected from this pin to ground (see Figure 7). 








X1/CLK 









X2 Crystal 2: Connection for other side of the crystal. When a crystal is used, a capacitor must be con- 


nected from this pin to ground (see Figure 7). If X1/CLK is driven from an external source, this pin can be 
left open. 


Channel A Receiver Serial Data Input: The least significant bit is received first. “Mark” is High, “space” 
is Low. 


Channel B Receive Serial Data Input: The least significant bit is received first. “Mark” is High, “space” 
is Low. 


Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This output is 
held in the “mark” condition when the transmitter is disabled, idle or when operating in local loopback 
mode. “Mark” is High, “space” is Low. 


Channel B Transmitter Serial Data Output: The least significant bit is transmitted first. This output is 
held in the ‘mark’ condition when the transmitter is disabled, idle, or when operating in local loopback 
mode. ‘Mark’ is High, ‘space’ is Low. 


Output 0: General purpose output or Channel A request to send (RTSAN, active-Low). Can be deacti- 
vated automatically on receive or transmit. 


Output 1: General purpose output or Channel B request to send (RTSBN, active-Low). Can be deacti- 
vated automatically on receive or transmit. 


Output 2: General purpose output, or Channel A transmitter 1X or 16X clock output, or Channel A receiv- 
er 1X clock output. 


Output 3: General purpose output or open-drain, active-Low counter/timer output or Channel B transmit- 
ter 1X clock output, or Channel B receiver 1X clock output. 


Output 4: General purpose output or Channel A open-drain, active-Low, Rx RDYAN/FFULLAN output. 
Output 5: General purpose output or Channel B open-drain, active-Low, RXRDYBN/FFULLBN output. 
Output 6: General purpose output or Channel A open-drain, active-Low, TxRDYAN output. 

Output 7: General purpose output or Channel B open-drain, active-Low, TXRDYBN output. 

Input 0: General purpose input or Channel A clear to send active-Low input (CTSAN). 

Input 1: General purpose input or Channel B clear to send active-Low input (CTSBN). 


Input 2: General purpose input or Channel B receiver external clock input (RxCB), or counter/timer ex- 
ternal clock input. When external clock is used by the receiver, the received data is sampled on the rising 
edge of the clock. 


Input 3: General purpose input or Channel A transmitter external clock input (TxCA). When the external 
clock is used by the transmitter, the transmitted data is clocked on the falling edge of the clock. 


Input 4: General purpose input or Channel A receiver external clock input (RxCA). When the external 
clock is used by the receiver, the received data is sampled on the rising edge of the clock. 


input 5: General purpose input or Channel B transmitter external clock input (TxCB). When the external 
clock is used by the transmitter, the transmitted data is clocked on the falling edge of the clock. 


Power Supply: +5V supply input. 
Ground 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING 
Ta Operating ambient temperature range@ 


Power dissipation® mw 


Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not 

implied. 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Parameters are valid over specified temperature range. 

5. Maximum power dissipation of the chip when outputs are loaded externally. For operating current, see DC Electrical Characteristics. 





DC ELECTRICAL CHARACTERISTICS! 2 3 













































LIMITS 
SYMBOL PARAMETER TESTCONDITIONS | Min | Typ | Max | UNIT 
Vit Input low voltage V 
Vin Input high voltage (except X1/CLK)® 2.0 V 
Vin Input high voltage (except X1/CLK)’ 2.5 V 
Vin Input high voltage (X1/CLK) 0.8Vcc V 
VoL Output low voltage lo. = 2.4mA V 
Vou Output high voltage (except OD outputs)4 lo = —400yA | Veco -0.5 V 
X1/CLK input current — power down +10 pA 
X1/CLK input low current — operating 0 pA 
X1/CLK input high current — operating = 75 pA 
X2 output high current — operating +75 pA 
X2 output high short circuit current — operating —1 mA 
X2 output low current — operating Vout = 0, X1 = Vcc 0 pA 
X2 output low short circuit current — operating and Vout = Vcc, X1 = Vec 10 mA 
power down 
Input leakage current: 
All except input port pins Vin = 0 to Voc +10 pA 
Input port pins Vin =O to Voc +10 pA 
lozH Output off current high, 3-State data bus Vin = Voc 10 pA 
lozt Output off current low, 3-State data bus Vin = OV —10 pA 
lop Open-drain output low current in off State Vin = 0 —10 pA 
lopH Open-drain output high current in off State Vin = Veco 10 pA 
Power supply current® TTL input levels 10 mA 
Operating mode CMOS input levels 10 mA 
ce TTL input levels 3.0 mA 
Power down mode CMOS input levels pA 


NOTES: 

1. Parameters are valid over specified temperature range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 5ns 
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and 
output voltages of 0.8V and 2.0V, as appropriate. 


3. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 

4. Test conditions for outputs: C, = 150pF, except interrupt outputs. Test condition for interrupt outputs: C, = 50pF, Ry = 2.7kQ to Vec. 

5. All outputs are disconnected. Inputs are switching between TTL levels of 2.4V and 0.4V or CMOS levels of Voc -0.2V and Vsg + 0.2V. 
6. Ta >0°C 

7. Ta <0°C 
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AC CHARACTERISTICS! 2; 4 


SYMBOL PARAMETER ~ LIMITS UNIT 
| Min | Typ? | Max 









Reset Timing . 
iwcs [| 1 [ RESETpusewah SSSOSC~—SsS<‘C~CS~C‘“—~ir YO | SCS CCC 


Bus Timing® 


























A1—A4 setup time to CSN Low 
A1-—A4 hold time from CSN Low 

RWN setup time to CSN High 

RWN holdup time to CSN High 

CSN High pulse width 

CSN or IACKN High from DTACKN Low 

Data valid from CSN or IACKN Low 

RDN Low to data bus active® 

Data bus floating from CSN or IACKN High® 

RDN High to data bus invalid® 

Data setup time to CLK High 

Data hold time from CSN High 

DTACKN Low from read data valid 

DTACKN Low (read cycle) from CLK High 

DTACKN Low (write cycle) form CLK High 

DTACKN High from CSN or IACKN High 

DTACKN High impedance from CSN or IACKN High 
CSN or IACKN setup time to clock High 













Port Timing® 


tps Port input setup time to CSN Low 
teH Port input hold time from CSN High 


Interrupt Timing 








INTRN (or OP3—OP7 when used as interrupts) negated from: 
Read RHR (RxRDY/FFULL interrupt) 
Write THR (TxRDY interrupt) 
Reset command (break interrupt) 
Stop C/T command (counter interrupt) 
Read IPCR (input port change interrupt) 
Write IMR (clear of interrupt mask bit) 





| Clock Timing 


X1/CLK High or Low time 
X1/CLK frequency ; 4 
CTCLK (IP2) High or Low time 
CTCLK (IP2) frequency? 

RxC High or Low time 


—Ppo @© 


RxC frequency (16X)9 
(1X)9 


TxC High or Low time 
TxC frequency (16X)9 
(1X)° 


NN SENN NN ON 


— 






Transmitter Timing 


ttxp 8 TxD output delay from TxC Low 120 
tics 8 Output delay from TxC Low to TxD data output 50 


Receiver Timing 


traxs RxD data setup time to RxC High 100 ns 
taxH RxD data hold time from RxC High 100 ns 
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NOTES: 


1. Parameters are valid over specified temperature range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 5ns 
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and 
output voltages of 0.8V and 2.0V, as appropriate. 

3. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 
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. Test conditions for outputs: C_ = 150pF, except interrupt outputs. Test condition for interrupt outputs: C, = 50pF, Ry = 2.7kQ to Vcc. 
. This specification will impose maximum 68000 CPU CLK to 6MHz. Higher CPU CLK can be used if repeating bus reads are not performed. 


Consecutive write operations to the same command register require at least three edges of the X1 clock between writes. 

6. This specification imposes a lower bound on CSN and IACKN Low, guaranteeing that it will be Low for at least 1 CLK period. This require- 
ment is made on CSN only to insure assertion of DTACKN and not to guarantee operation of the part. 

7. This specification is made only to insure that DTACKN is asserted with respect to the rising edge of the X1/CLK pin as shown in the timing 
diagram, not to guarantee operation of the part. If the setup time is violated, DTACKN may be asserted as shown, or may be asserted one 


clock cycle later. 


8. Guaranteed by characterization of sample units. 
9. Minimum frequencies are not tested but are guaranteed by design. 


10. 325ns maximum for Ta, > 70°C. 


BLOCK DIAGRAM 

The SC68C92 DUART consists of the following 
eight major sections: data bus buffer, operation 
control, interrupt control, timing, communica- 
tions Channels A and B, input port and output 
port. Refer to the Block Diagram. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data buses. It 
is controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and the DUART. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. Itcontains address decoding 
and read and write circuits to permit communi- 
cations with the microprocessor via the data 
bus buffer. The DTACKN output is asserted 
during write and read cycles to indicate to the 
CPU that data has been latched on a write 
cycle, or that valid data is present on the bus on 
a read cycle. 


Interrupt Control 

A single active-Low interrupt output (INTRN) is 
provided which is activated upon the occur- 
rence of any of eight internal events. Asso- 
ciated with the interrupt system are the 
Interrupt Mask Register (IMR) and the Interrupt 
Status Register (ISR), the Auxiliary Control 
Register (ACR), and the Interrupt Vector Regis- 
ter (IVR). The IMR may be programmed to se- 
lect only certain conditions to cause INTRN to 
be asserted. The ISR can be read by the CPU 
to determine all currently active interrupting 
conditions. When IACKN is asserted, and the 
DUART has an interrupt pending, the DUART 
responds by placing the contents of the IVR 
register on the data bus and asserting 
DTACKN. 


Outputs OP3—OP7 can be programmed to pro- 
vide discrete interrupt outputs for the transmit- 
ter, receivers, and counter/timer. 
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Timing Circuits 

The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
counter/timer, and four clock selectors. The 
crystal oscillator operates directly from acrystal 
connected across the X1/CLK and X2 inputs. 
Ifan external clock of the appropriate frequency 
is available, it may be connected to X1/CLK. 
The clock serves as the basic timing reference 
for the Baud Rate Generator (BRG), the coun- 
ter/timer, and other internal circuits. A clock 
signal within the limits specified in the specifica- 
tions section of this data sheet must always be 
supplied to the DUART. 


If an external is used instead of a crystal, X1 
should be driven using a configuration similar 
to the one in Figure 7. 


If an external clock is used instead of a crystal, 
X1 should be driven using a configuration simi- 
lar to the one in Figure 5. 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4K 
baud. Programming bit 0 of MRO to a “1” gives 
additional baud rates of 57.6kB, 115.2kB and 
230.4kKB. These will be in the 16X mode. A 
3.6864MHz crystal or external clock must be 
used to get the standard baud rate. The clock 
outputs from the BRG are at 16X the actual 
baud rate. The counter/timer can be used asa 
timer to produce a 16X clock for any other baud 
rate by counting down the crystal clock or an ex- 
ternal clock. The four clock selectors allow the 
independent selection, for each receiver and 
transmitter, of any of these baud rates or exter- 
nal timing signal. 


The Counter/Timer (C/T) can be programmed 
to use one of several timing sources as its input. 
The output of the C/T is available to the the 
clock selectors and can also be programmed to 
be output at OP3. In the counter mode, the con- 
tents of the C/T can be read by the CPU and 
itcan be stopped and started under program 
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control. In the timer mode, the C/T acts as a 
programmable divider. 


Communications 
Channels A and B 


Each communications channel of the 
SC68C92 comprises a full-duplex asynchro- 
nous receiver/transmitter (UART). The operat- 
ing frequency for each receiver and transmitter 
can be selected independently from the baud 
rate generator, the counter timer, or from an ex- 
ternal input. 


The transmitter accepts parallel data from the 
CPU, converts it to a serial bit stream, inserts 
the appropriate start, stop, and optional parity 
bits and outputs a composite serial stream of 
data on the TxD output pin. The receiver ac- 
cepts serial data on the RxD pin, converts this 
serial input to parallel format, checks for start 
bit, stop bit, parity bit (ifany), or break condition 
and sends an assembled character to the CPU. 


Input Port 

The inputs to this unlatched 6-bit port can be 
read by the CPU by performing a read opera- 
tion at address H’D'. A High input results in a 
logic 1 while a Low input results ina logic 0. D7 
will always be read as a logic 1 and Dé will re- 
flect the level of IACKN. The pins of this port 
can also serve as auxiliary inputs to certain por- 
tions fo the DUART logic. 


Four change-of-state detectors are provided 
which are associated with inputs IP3, IP2, IP 1 
and IPO. A High-to-Low or Low-to-High trans- 
ition of these inputs, lasting longer than 25 — 
50s, will set the corresponding bit in the input 
port change register. The bits are cleared 
when the register is read by the CPU. Any 
change-of-state can also be programmed to 
generate an interrupt to the CPU. 


The input port pulse detection circuitry uses a 
38.4kHz sampling clock derived from one of the 
baudrate generator taps. This results ina sam- 
pling period of slightly more than 25ps (this as- 
sumes that the clock inputis 3.6864MHz). The 
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detection circuitry, in order to guarantee that a 
true change in level has occurred, requires two 
successive samples at the new logic level be 
observed. As a consequence, the minimum 
duration of the signal change is 25us if the 
transition occurs “coincident with the first sam- 
ple pulse”. The 50us time refers to the situation 
in which the change-of-state is “just missed” 
and the first change-of-state is not detected un- 
til 25s later. 


Output Port 

The 8-bit multipurpose output port can be used 
as a general purpose output port, in which case 
the outputs are the complements of the Output 
Port Register (OPR). OPR(n) = 1 results in 
OP(n) = Low and vice versa. Bits of the OPR 
can be individually set and reset. A bit is set by 
performing a write operation at address H’E’ 
with the accompanying data specifying the bits 
to be reset (1 = set, O = no change). Likewise, 
a bit is reset by a write at address H’F’ with the 
accompanying data specifying the bits to be re- 
set (1 = reset, 0 = no change). 


Outputs can be also be individually assigned 
specific functions by appropriate programming 
of the Channel A mode registers (MR1A, 
MR2A), the Channel B mode registers (MR 1B, 
MR2B), and the Output Port Configuration 
Register (OPCR). 


OPERATION 


Transmitter 

The SC68C92 is conditioned to transmit data 
when the transmitter is enabled through the 
command register. The SC68C92 indicates 
to the CPU that it is ready to accept a character 
by setting the TxRDY bit in the status register. 
This condition can be programmed to generate 
an interrupt requestat OP6 or OP7 and INTRN. 
When the transmitter is initially enabled the 
TxRDY and TXEMPTY bits will be setin the sta- 
tus register. When a character is loaded to the 
transmit fifo the TxEMPTY bit will be reset. The 
TxEMPTY will not set until: 1) the transmit fifo 
is empty and the transmit shift register has fin- 
ished transmitting the stop bit of the last charac- 
ter written to the transmit fifo, or 2) the 
transmitter is disabled and then re-enabled. 
The TxRDY bit is set whenever the transmitter 
is enabled and the TxFIFO is not full. Data is 
transferred from the holding register to transmit 
shift register when it is idle or has completed 
transmission of the previous character. Char- 
acters cannot be loaded into the THR while the 
transmitter is disabled. 


The transmitter converts the parallel data from 
the CPU toa serial bit stream on the TxD output 
pin. It automatically sends a start bit followed 
by the programmed number of data bits, an op- 
tional parity bit, and the programmed number of 
stop bits. The least significant bit is sent first. 
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Following the transmission of the stop bits, if a 
new character is not available in the THR, the 
TxD output remains High and the TxEMT bit in 
the Status Register (SR) will be setto 1. Trans- 
mission resumes and the TxEMT bit is cleared 
when the CPU loads a new character into the 
THR. Ifthe transmitter is disabled, it continues 
operating until the character currently being 
transmitted is completely sent out. The trans- 
mitter can be forced to send a continuous Low 
condition by issuing a send break command. 


The transmitter can be reset through a software 
command. If it is reset, operation ceases im- 
mediately and the transmitter must be enabled 
through the command register before resuming 
operation. If CTS operation is enable, the 
CTSN input must be Low in order for the 
character to be transmitted. If it goes High in 
the middle of a transmission, the character in 
the shift register is transmitted and TxDA then 
remains in the marking state until CTSN goes 
Low. The transmitter can also control the deac- 
tivation of the RTSN output. If programmed, 
the RTSN output will be reset one bit time after 
the character in the transmit shift register and 
transmit holding register (if any) are completely 
transmitted, if the transmitter has been dis- 
abled. 


Receiver 

The SC68C92 is conditioned to receive data 
when enabled through the command register. 
The receiver looks for a  High-to-Low 
(mark-to-space) transition of the start bit on the 
RxD input pin. If a transition is detected, the 
state of the RxD pinis sampled each 16X clock 
for 7-1/2 clocks (16X clock mode) or at the next 
rising edge of the bit time clock (1X clock 
mode). If RxD is sampled High, the start bit is 
invalid and the search for a valid start bit begins 
again. If RxD is still Low, a valid start bit is as- 
sumed and the receiver continues to sample 
the input at one bit time intervals at the theoreti- 
cal center of the bit, until the proper number of 
data bits and parity bit (if any) have been as- 
sembled, and one stop bit has been detected. 
The least significant bit is received first. The 
data is then transferred to the Receive Holding 
Register (RHR) and the RxRDY bit in the SR is 
set to a1. This condition can be programmed 
to generate an interrupt at OP4 or OP5 and 
INTRN. If the character length is less than 8 
bits, the most significant unused bits in the RHR 
are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. Howev- 
er, ifa non-zero character was received without 
a Stop bit (framing error) and RxD remains Low 
for one half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new Start bit transition had been detected at 
that point (one-half bit time after the stop bitwas 
sampled). 
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The parity error, framing error, and overrun er- 
ror (if any) are strobed into the SR at the re- 
ceived character boundary, before the RxRDY 
Status bitis set. Ifa break condition is detected 
(RxD is Low for the entire character including 
the stop bit), a character consisting of all zeros 
will be loaded into the RHR and the received 
break bit in the SR is set to 1. The RxD input 
must return to a High condition for at least 
one-half bit time before a search for the next 
Start bit begins. 


The RHR consists of a First-In-First-Out (FIFO) 
stack with a capacity of eight characters. Data 
is loaded from the receive shift register into the 
topmost empty position of the FIFO. The 
RxRDY bitin the status register is set whenever 
one or more characters are available to be 
read, and a FFULL status bit is set if all eight 
Stack positions are filled with data. Either of 
these bits can be selected to cause an interrupt. 
A read of the RHR outputs the data at the top 
of the FIFO. After the read cycle, the data FIFO 
and its associated status bits (see below) are 
‘popped’ thus emptying a FIFO position for new 
data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are also appended to each data character inthe 
FIFO (overrun is not). Status can be provided 
in two ways, as programmed by the error mode 
control bit in the mode register. In the ‘charac- 
ter’ mode, status is provided on a charac- 
ter-by-character basis; the status applies only 
to the character at the top of the FIFO. In the 
‘block’ mode, the status provided in the SR for 
these three bits is the logical-OR of the status 
for all characters coming to the top of the FIFO 
since the last ‘reset error’ command was is- 
sued. In either mode reading the SR does not 
affect the FIFO. The FIFO is ‘popped’ only 
when the RHRis read. Therefore the status re- 
gister should be read prior to reading the FIFO. 


If the FIFO is full when a new character is re- 
ceived, that character is held in the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exits, the contents of the FIFO are not affected; 
the character previously in the shift register is 
lost and the overrun error status bit (SR[4] will 
be set-upon receipt of the start bit of the new 
(overrunning) character. 


The receiver can control the deactivation of 
RTS. If programmed to operate in this mode, 
the RTSN output will be negated when a valid 
start bit was received and the FIFO is full. 
When a FIFO position becomes available, the 
RTSN output will be re-asserted automatically. 
This feature can be used to prevent an overrun, 
inthe receiver, by connecting the RTSN output 
to the CTSN input of the transmitting device. 
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If the receiver is disabled, the FIFO characters 
canbe read. However, no additional characters 
can be received until the receiver is enabled 
again. If the receiver is reset, the FIFO and all 
of the receiver status, and the corresponding 
output ports and interrupt are reset. No addi- 
tional characters can be received until the re- 
ceiver is enabled again. 


Timeout Mode 

The timeout mode uses the received data 
stream to control the counter. Each time a re- 
ceived character is transferred from the shift 
register to the RHR, the counter is restarted. 
lf a new character is not received before the 
counter reaches zero count, the counter ready 
bit is set, and an interrupt can be generated. 
This mode can be used to indicate when data 
has been left in the Rx FIFO for more than the 
programmed time limit. Otherwise, if the re- 
ceiver has been programmed to interrupt the 
CPU when the receive FIFO is full, and the 
message ends before the FIFO is full, the CPU 
may not know there is data left in the FIFO. The 
CTU and CTL value would be programmed for 
just over one character time, so that the CPU 
would be interrupted as soon as it has stopped 
receiving continuous data. This mode can also 
be used to indicate when the serial line has 
been marking for longer than the programmed 
time limit. In this case, the CPU has read all of 
the characters from the FIFO, but the last char- 
acter received has started the count. If there is 
no new data during the programmed time inter- 
val, the counter ready bit will get set, and an in- 
terrupt can be generated. 


This mode is enabled by writing the appropriate 
command to the command register. Writing an 
‘Ax’ to CRA or CRB will invoke the timeout 
mode for that channel. Writing a ‘Cx’ to CRA or 
CRB will disable the timeout mode. The time- 
out mode should only be used by one channel 
at once, since it uses the C/T. CTU and CTL 
must be loaded with a value greater than the 
normal receive character period. The timeout 
mode disables the regular START/STOP 
Counter commands and puts the C/T into 
counter mode under the control of the received 
data stream. Each time a received character is 
transferred from the shift register to the RHR, 
the C/T is stopped after 1 C/T clock, reloaded 
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with the value in CTU and CTL and then re- 
started on the next C/T clock. If the C/T is al- 
lowed to end the count before a new character 
has been received, the counter ready bit, 
ISR[3], will be set. If IMR[3] is set, this will gen- 
erate an interrupt. Since receiving a character 
after the C/T has timed out will clear the counter 
ready bit, ISR[3], and the interrupt. Invoking the 
‘Set Timeout Mode On’ command, CRx = ‘Ax’, 
will also clear the counter ready bit and stop the 
counter until the next character is received. 


Multidrop Mode 

The DUART is equipped with a wake up mode 
for multidrop applications. This mode is se- 
lected by programming bits MR1A[4:3] or 
MR1B[4:3] to ‘11’ for Channels A and B, respec- 
tively. In this mode of operation, a ‘master’ sta- 
tion transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, with receivers that are 
normally disabled, examine the received data 
stream and ‘wakeup’ the CPU (by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, and Ad- 
dress/Data (A/D) bit, and the programmed 
number of stop bits. The polarity of the 
transmitted A/D bit is selected by the CPU by 
programming bit MR1A{2)/MR1B/[2]. 
MR1A[2]/MR1B[2] = 0 transmits a zero in the 
A/D bit position, which identifies the corre- 
sponding data bits as data while 
MR1A[2]/MR1B[2] = 1 transmits a one in the 
A/D bit position, which identifies the corre- 
sponding data bits as an address. The CPU 
should program the mode register prior to load- 
ing the corresponding data bits into the THR. 


In this mode, the receiver continuously looks at 
the received data stream, whether it is enabled 
or disabled. If disabled, it sets the RxRDY sta- 
tus bit and loads the character into the RHR 
FIFO if the received A/D bit is a one (address 
tag), but discards the received character if the 
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receivedA/D bit is azero (data tag). If enabled, 
all received characters are transferred to the 
CPU via the RHR. In either case, the data bits 
are loaded into the data FIFO while the A/D bit 
is loaded into the status FIFO position normally 
used for parity error (SRA[5] or SRB{5]). Fram- 
ing error, overrun error, and break detect oper- 
ate normally whether or not the receive is 
enabled. 


PROGRAMMING 

The operation of the DUART is programmed by 
writing control words into the appropriate regis- 
ters. Operational feedback is provided via sta- 
tus registers which can be read by the CPU. 
The addressing of the registers is described in 
Table 1. 


The contents of certain control registers are ini- 
tialized to zero on RESET. Care should be ex- 
ercised if the contents of a register are changed 
during operation, since certain changes may 
cause operational problems. For example, 
changing the number of bits per character while 
the transmitter is active may cause the trans- 
mission of an incorrect character. In general, 
the contents of the MR, the CSR, and the 
OPCR should only be changed while the re- 
ceiver(s) and transmitter(s) are not enabled, 
and certain changes to the ACR should only be 
made while the C/T is stopped. 


Mode registers 1 and 2 of each channel are ac- 
cessed via independent auxiliary pointers. The 
pointer is set to MRix by RESET or by issuing 
a ‘reset pointer’ command via the correspond- 
ing command register. Any read or write of the 
mode register while the pointer is at MR1x, 
switches the pointer to MR2x. The pointer then 
remains at MR2x, so that subsequentaccesses 
are always to MRex unless the pointer is reset 
to MR1x as described above. 


Mode, command, clock select, and status re- 
gisters are duplicated for each channel to pro- 
vide total independent operation and control. 
Refer to Table 2 for register bit descriptions. 
The reserved registers at addresses H‘02' and 
H‘OA’ should never be read during normal oper- 
ation since they are reserved for internal diag- 
nostics. 
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Ae OOa40dO]3300--00 
=O} OoO-0+-0_0-0=20-0 








—~ it ei ori QOoOood =—-_-_-=-0000 





REGISTER DESCRIPTIONS 


Mode Registers 
MRO is accessed by setting the MR pointer to 
0 via the command register command D. 


MROA 


MRO[7] — This bit controls the receiver watch 
dog timer. 0 = disable, 1 = able. When enabled, 
the watch dog timer will generate a receiver in- 
terrupt if the receiver FIFO has not been ac- 
cessed within 64 bit times of the receiver 1X 
clock. This is used to alert the control processor 
that data is in the RHR that has not been read. 
This situation may occur when the last part of 
a message is not large enough to generate an 
interrupt. 


MRO[6] — Bit 2 of receiver FIFO interrupt level. 
This bit along with Bit 6 of MR1 sets the fill level 
of the 8 byte FIFO that generates the receiver 
interrupt. 


MRO[6] MR1[6] 
0 0 


Interrupt Condition 
1 or more bytes in FIFO 
(Rx RDY) 
1 3 or more bytes in FIFO 
0 6 or more bytes in FIFO 
1 8 or more bytes in FIFO 
(Rx FULL) 


— — © 


MRO[5:4] — Tx interrupt fill level. 


MRO[5] MRO[4] Interrupt Condition 


0 0 8 bytes empty 
(Tx EMPTY) 
0 1 4 or more bytes empty 
1 0 6 or more bytes empty 
1 1 1 or more bytes empty 
(Tx RDY) 


MRO(3] - Not used. Should be set to 0. 


MRO[2:1] — Test 1 and Test 2. Used for factory 
test. Set to 0 


MRO[0] — Baud rate extend. 0 = Normal baud 
rates. 1 = Extend baud rate. 57.6kB, 115.2kB, 
230.4kB. 
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| Aa {| as | ae | at | READ(RON=0) | WRITE(WRN=O) 


Mode Register A (MROA, MR1A, MR2A) 
Status Register A (SRA) 

Reserved 

Rx Holding Register A (RHRA) 

Input Port Change Register (IPCR) 
Interrupt Status Register (ISR) 
Counter/Timer Upper (CTU) 
Counter/Timer Lower (CTL) 

Mode Register B (MROB, MR1B, MR2B) 
Status Register B (SRB) 

Reserved 

Rx Holding Register B (RHRB) 
Reserved 

Input Port 

Start Counter Command 

Stop Counter Command 



















Note: MRO[3:0] are notusedin channel B. They 
should be set to 0. 


MR1A — Channel A Mode 


Register 1 

MRI1A is accessed when the Channel A MR 
pointer points to MR1. The pointer is setto MR1 
by RESET or by a ‘set pointer’ command 
applied via CRA. After reading or writing 
MRI1A, the pointer will point to MR2A. 


MR1A[7] — Channel A Receiver 
Request-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the receiver. This output is nor- 
mally asserted by setting OPR[0] and negated 
by resetting OPR[O]. MR1A[7] = 1 causes 
RTSAN to be negated upon receipt of a valid 
start bit if the Channel A FIFO is full. However, 
OPR([0]is notresetand RTSAN will be asserted 
again when an empty FIFO position is avail- 
able. This feature can be used for flow control 
to prevent overrun in the receiver by using the 
RTSAN output signal to control the CTSN input 
of the transmitting device. 


MR1A[6] — Channel A Receiver 

Interrupt Select 

This bit selects either the Channel A receiver 
ready status (RxRDY) or the Channel A FIFO 
full status (FFULL) to be used for CPU inter- 
rupts. It also causes the selected bit to be out- 
put on OP4 if it is programmed as an interrupt 
output via the OPCR. 


MR1A[5] — Channel A 

Error Mode Select 

This bit selects the operating mode of the three 
FIFOed status bits (FE, PE, received break) for 
Channel A. In the ‘character’ mode, status is 
provided on a character-by-character basis; 
the status applies only to the character at the 
top of the FIFO. In the ‘block” mode, the status 
provided in the SR for these bits is the accumu- 
lation (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the last 
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Mode Register A (MROA, MR1A, MR2A) 
Clock Select Register A (CSRA) 
Command Register A (CRA) 

Tx Holding Register A (THRA) 

Aux. Control Register (ACR) 

Interrupt Mask Register (IMR) 

C/T Upper Register (CRUR) 

C/T Lower Register (CTLR) 

Mode Register B (MROB, MR1B, MR2B) 
Clock Select Register B (CSRB) 
Command Register B (CRB) 

Tx Holding Register B (THRB) 

Interrupt Vector Register (IVR) 

Output Port Conf. Register (OPCR) 

Set Output Port Bits Command 
Reset Output Port Bits Command 


‘reset error’ command for Channel A was is- 
sued. 


MR1A([4:3| - Channel A Parity Mode Select 
If ‘with parity’ or ‘force parity’ is selected a parity 
bitis added to the transmitted character and the 
receiver performs a parity check on incoming 
data MR1A[4:3] = 11 selects Channel A to oper- 
ate in the special multidrop mode described in 
the Operation section. 


MR1A[2] — Channel A Parity Type Select 
This bit selects the parity type (odd or even) if 
the ‘with parity’ mode is programmed by 
MR1A[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. It 
has no effect if the ‘no parity’ mode is pro- 
grammed. In the special multidrop mode it se- 
lects the polarity of the A/D bit. 


MR1A[1:0] - Channel A Bits Per Character 
Select 

This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, par- 
ity, and stop bits. 


MR2A — Channel A Mode 


Register 2 

MR2A is accessed when the Channel A MR 
pointer points to MR2, which occurs after any 
access to MR1A. Accesses to MR2A do not 
change the pointer. 


MR2A[7:6] - Channel A Mode 

Select 

Each channel of the DUART can operate in one 

of four modes. MR2A[7:6] = 00 is the normal 

mode, with the transmitter and receiver operat- 

ing independently. MR2A{7:6] = 01 places the 

channel in the automatic echo mode, which au- 

tomatically retransmits the received data. The 

following conditions are true while in automatic 

echo mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 
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a 


The receive clock is used for the transmit- 
ter. 


= 


The receiver must be enabled, but the 
transmitter need not be enabled. 


The Channel A TxRDY and TxEMT status 
bits are inactive. 


- 


a 


The received parity is checked, but is not 
regenerated for transmission, i.e. trans- 
mitted parity bit is as received. 


o 


. Character framing is checked, but the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 


ce 


. CPU to receiver communication continues 
normally, but the CPU to transmitter link is 
disabled. 


Two diagnostic modes can also be configured. 

MR2A[7:6] = 10 selects local loopback mode. 

In this mode: 

1. The transmitter output is internally con- 
nected to the receiver input. 


2. The transmit clock is used for the receiv- 
er. 


The TxDA output is held High. 


Oe 


The RxDA input is ignored. 


5. The transmitter must be enabled, but the 
receiver need not be enabled. 


Table 2. 


Register Bit Formats 


BIT 7 | BITS 6 


Rx WATCH 










DOG 
0 = Disable 
1 = Enable 


NOTE: 


6. CPU to transmitter and receiver communi- 
cations continue normally. 


The second diagnostic mode is the remote 

loopback mode, selected by MR2A[7:6] = 11. 

In this mode: 

1. Received data is reclocked and retrans- 
mitted on the TxDA output. 


2. The receive clock is used for the transmit- 
ter. 


3. Received data is not sent to the local 
CPU, and the error status conditions are 
inactive. 


4. The received parity is not checked and is 
not regenerated for transmission, i.e., 
transmitted parity is as received. 


5. The receiver must be enabled. 


6. Character framing is not checked, and the 
stop bits are retransmitted as received. 


7. Areceived break is echoed as received 
until the next valid start bit is detected. 


The user must exercise care when switching 
into and out of the various modes. The se- 
lected mode will be activated immediately upon 
mode selection, even if this occurs in the middle 
of a received or transmitted character. Like- 
wise, if a mode is deselected the device will 
switch out of the mode immediately. An excep- 
tion to this is switching out of autoecho or re- 


BIT 5 BIT 4 BIT 3 BIT 2 


DON’T 
CARE 


Set to 0 











TEST 1 ae 2 
Set to 0 Set to 0 


mote loopback modes: if the de-selection 
occurs just after the receiver has sampled the 
stop bit (indicated in autoecho by assertion of 
RxRDY), and the transmitter is enabled, the 
transmitter will remain in autoecho mode until 
the entire stop has been retransmitted. 


MR2A[5] — Channel A Transmitter Re- 
quest-to-Send Control 

This bit controls the deactivation of the RTSAN 
output (OPO) by the transmitter. This output is 
normally asserted by setting OPR[0} and ne- 
gated by resetting OPR[O]. MR2A[5] = 
caused OPRIO] to be reset automatically one 
bit time after the characters in the Channel A 
transmit shift register and in the THR, ifany, are 
completely transmitted including the pro- 
grammed number of stop bits, if the transmitter 
is not enabled. This feature can be used to au- 
tomatically terminate the transmission of a 
message as follows: 

1. Program auto-reset mode: MR2A[5] = 1. 


2. Enable transmitter. 

3. Assert RTSAN: OPR(O] = 1. 
4. Send message. 

5 


. Disable transmitter after the last character 
is loaded into the Channel A THR. 


o 


The last character will be transmitted and 
OPR[0] will be reset one bit time after the 
last stop bit, causing RTSAN to be 
negated. 







| BIT | 1 


BIT 0 


BAUD RATE 
EXTEND 


O = Normal 
1 = Extend 










MROB[3:0] are not implemented. When writing to MROB set them to 0. A read of MROB[3:0] returns 1111. 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


RxRTS RxINT ERROR PARITY BITS PER 
CONTROL SELECT MODE PARITY MODE TYPE CHARACTER 


0 = RxRDY 
t= FFOLL 


| BIT7 BIT 7 


00 = With Parity 

01 = Force Parity 

10 = No Parity 

11 = Multidrop Mode 


BIT 6 BIT 5 BIT 4 BIT 3 


BIT 2 BIT 1 BIT 0 


TxRTS CTS ‘ 
CHANNEL MODE CONTROL ENABLE Tx STOP BIT LENGTH 


00 = Normal 

01 = Auto-Echo 
10 = Local loop 
11 = Remote loop 


NOTE: 





*Add 0.5 to values shown for 0 — 7 if channel is programmed for 5 bits/char. 
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BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT 


cana 


BIT 7 BIT 6 BIT 5 BIT 4 BIT3 BIT 2 BIT 0 
MISCELLANEOUS COMMANDS DISABLE Tx | ENABLE Tx | DISABLERx | ENABLE Rx 


See Text 0 =No 0=No 0 = No 0=No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 


RECEIVED FRAMING PARITY OVERRUN 


SRA 0 =No Q=No 0=No 0=No 0=No 0=No 0 =No 0 =No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 


















NOTE: 

* These status bits are appended to the corresponding data character in the receive FIFO. A read of the status provides these bits (7:5) from 
the top of the FIFO together with bits (4:0). These bits are cleared by a “reset error status" command. In character mode they are discarded 
when the corresponding data character is read from the FIFO. 













BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1: BIT 0 
Pe Dl eer es ee ee 


OPCR 0 = OPR{(7] 0 = OPR{6] 0 = OPR{5} 0 = OPR[4] 00 = OPR{3} 11 = OPR[2] 
1 = TxRDYB | 1=TxRDYA | 1=RxRDY/ | 1 =RxRDY/ 01 = C/T OUTPUT 01 = TxCA(16x) 
FFULLB FFULLA 10 = TxCB(1x) 10 = TxCA(1x) 
11 = RxCB(1x) 11 = RxCA(1x) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA 
SELECT MODE AND SOURCE IP3 INT IP2 INT IP1 INT IPO INT 


ACR 0 =set1 See Table 4 O = Off 0 = Off 0 = Off 0 = Off 
1 =set2 Boca 1=On 1=On 1=On 1=On 


DELTA DELTA DELTA DELTA ie 
IP3 IP2 IP1 IPO 


IPCR 0=No 0 =No 0=No 0 = No 0 = Low 0 = Low 0 = Low 0 = Low 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = High 1 = High 1 = High 1 = High 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


IN PORT DELTA RxRDY/ COUNTER | DELTA RxRDY/ 
CHANGE | BREAKB | FFULLB | ‘*RDYB READY | BREAKA | FFULLA | /*RDYA 


0=No 0=No 0=No Q=No 0 =No 0=No 0=No 0 =No 
1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 1 = Yes 







































































BIT 7 BIT 6 BIT 5 BIT 4 BIT 2 BIT 0 
IN PORT RxRDY/ COUNTER RxRDY/ 
‘CHANGE FFULLB sh READY FFULLA ee 
INT INT INT INT 
0 = Off 0 = Off 0 = Off 0 = Off 0 = Off O=Off . 0 = Off 0 = Off 
1=On 1=On 1=On 1=On 1=On 1 =On 1=On 1=On 
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CTUR 


CTLR 


IVR 


MR2A[4] — Channel A Clear-to-Send 
Control 

If this bitis O, CTSAN has no effect on the trans- 
mitter. If this bit is a 1, the transmitter checks 
the state of CTSAN (IPO) each time it is ready 
to send a character. If [PO is asserted (Low), 
the character is transmitted. If it is negated 
(High), the TxDA output remains in the marking 
state and the transmission is delayed until 
CTSAN goes low. Changes in CTSAN while a 
character is being transmitted do not affect the 
transmission of that character.. 


MR2A[3:0] —- Channel A Stop Bit Length 
Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 1-9/16 to 2 bits, in in- 
crements of 1/16 bit, can be programmed for 
character lengths of 6, 7, and8 bits. Forachar- 
acter lengths of 5 bits, 1-1/16 to 2 stop bits can 
be programmed in increments of 1/16 bit. In all 
cases, the receiver only checks for a ‘mark’ 
condition at the center of the first stop bit posi- 
tion (one bit time after the last data bit, or after 
the parity bit is enabled). 


Table 3. Baud Rate 


Register Bit Formats (Continued) 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT O 
C/T[15] C/T[14] C/T[13] C/T[12] C/T[11] C/T[10] C/T[9] C/T[8] 


C/T[7] C/T[6] C/T[5] C/T[4] C/T[3] C/T[2] C/T[1] C/T[0} 


cepplcsc fie att os cans oo Ea amntccemenl 


If an external 1X clock is used for the transmit- 
ter, MR2A[3] = 0 selects one stop bit and 
MR2A[3] = 1 selects two stop bits to be 
transmitted. 


MR1B — Channel B Mode 
Register 1 


MR1B is accessed when the Channel B MR 
pointer points to MR1. The pointeris set to MR1 
by RESET or by a ‘set pointer’ command 
applied via CRB. After reading or writing 
MR1B, the pointer will point to MR2B. 


The bit definitions for this register are identical 
to MR1A, except that all control actions apply 
to the Channel B receiver and transmitter and 
the corresponding inputs and outputs. 


MR2B — Channel B Mode 

Register 2 

MR2B is accessed when the Channel B MR 
pointer points to MR2, which occurs after any 
access to MR1B. Accesses to MR2B do not 
change the pointer. 


The bit definitions for mode register are identi- 
cal to the bit definitions for MR2A, except that 


MRO[0} = 0 


50 
110 
134.5 
200 
300 
600 
1,200 


1,050 
2,400 
4,800 


7,200 
9,600 
38.4K 
Timer 
IP4-16X 
IP4-1X 


NOTE: The receiver clock is always a 16X clock except for CSRA[7:4] = 1111. 
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all control actions apply to the Channel B re- 
ceiver and transmitter and the corresponding 
inputs and outputs. 


CSRA — Channel A Clock Select 
Register 


CSRA[7:4] — Channel A Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel A transmitter. The field definition is 
shown in Table 3. 


CSRA[3:0] — Channel A Transmitter Clock 
Select 

This field selects the baud rate clock for the 
ChannelA transmitter. The field definition is as 
shown In Table 3, except as follows: 


Baud Rate 

CSRA[3:0] ACR[7]=0 ACR[7]=1 

1110 IP3—16X IP3—16X 
1111 IP3—1X IP3—1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRA[3:0] = 1111. 


MRO[0] = 
ACR{[7] = 1 
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CSRB — Channel B Clock Select 
Register 


CSRB[7:4] — Channel B Receiver Clock 
Select 

This field selects the baud rate clock for the 
Channel B receiver. The field definition is as 
shown in Table 3, except as follows: 


Baud Rate 

CSRB[7:4] ACR[7]=0 ACR[7] =1 

1110 IP6—16X |P6—16X 
1111 IP6—-1X |\P6—-1X 


The receiver clock is always a 16X clock except 
for CSRB[7:4] = 1111. 


CSRB[3:0] — Channel B Transmitter Clock 
Select 

This field selects the baud rate clock for the 
Channel B transmitter. The field definitionis as 
shown in Table 3, except as follows: 


Baud Rate 

CSRB[3:0] ACR[7]=0 ACR[7] =1 

1110 IP5—16X IP5—-16X 
1111 IP5—1X |IP5—-1X 


The transmitter clock is always a 16X clock ex- 
cept for CSRB[3:0] = 1111. 


CRA — Channel A Command 
Register 

CRA is a register used to supply commands to 
Channel A. Multiple commands can be speci- 
fied in a single write to CRA as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


CRA[7:4] — Miscellaneous Commands 

The encoded value of this field may be used to 
specify a single command as follows: 

0000 No command. 

0001 Reset MR pointer. Causes the Channel 
A MR pointer to point to MR1. 

Reset receiver. Resets the Channel A 
receiver as if a hardware reset had been 
applied. The receiver is disabled and 
the FIFO is flushed. 

Reset transmitter. Resets the Channel 
A transmitter as if a hardware reset had 
been applied. 

Reset error status. Clears the Channel 
A Received Break, Parity Error, and 
Overrun Error bits in the status register 
(SRA[7:4]). Used in character mode to 
clear OE status (although RB, PE and 
FE bits will also be cleared) and in block 
mode to clear all error status after a 
block of data has been received. 
Reset Channel A break change inter- 
rupt. Causes the Channel A break de- 
tect change bit in the interrupt status 
register (ISR[2]) to be cleared to zero. 


0010 


0011 


0100 


0101 
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1001 


0110 Start break. Forces the TxDA output. 


Low (spacing). If the transmitter is 
empty the start of the break condition will 
be delayed up to two bit times. If the 
transmitter is active the break begins 
when transmission of the character is 
completed. Ifa character is in the THR, 
the start of the break will be delayed until 
that character, or any other loaded 
subsequently are transmitted. The 
transmitter must be enabled for this 
command to be accepted. 

Stop break. The TxDA line will go High 
(marking) within two bit times. TxDA will 
remain High for one bit time before the 
next character, if any, is transmitted. 
Assert RTSN. Causes the RTSN output 
to be asserted (Low). 

Negate RTSN. Causes the RTSN out- 
put to be negated (High). 

Set Timeout Mode On. The receiver in 
this channel will restart the C/T as each 
receive character is transferred from the 
shift register to the RHR. The C/T is 
placed in the counter mode, the START/ 
STOP counter commands are disabled, 
the counter is stopped, and the Counter 
Ready Bit, ISR[3], is reset. 

Set MR pointer to 0. 

Disable Timeout Mode. This command 
returns control of the C/T to the regular 
START/STOP counter commands. It 
does not stop the counter, or clear any 
pending interrupts. After disabling the 
timeout mode, a ‘Stop Counter’ com- 
mand should be issued 

Not used. 

Power Down Mode On. In this mode, 
the DUART oscillator is stopped and all 
functions requiring this clock are sus- 
pended. The execution of commands 
other than disable power down mode 
(1111) requires a X1/CLK. While in the 
power down mode, do not issue any 
commands to the CR except the disable 
power down mode command. Itis rec- 
ommended that the transmitter and re- 
ceiver be disabled prior to placing the 
DUART into power down mode. This 
commandis in CRA only. Design Note: 
The part will not output DTACKN while 
in power down mode. Use automatic 
DTACKN generation. 

Disable Power Down Mode. This com- 
mandrestarts the oscillator. After invok- 
ing this command, wait for the oscillator 
to start up before writing further com- 
mands to the CR. This command is in 
CRA only. 


CRA[3] — Disable Channel A 

Transmitter 

This command terminates transmitter opera- 
tion and reset the TxDRY and TxEMT status 
bits. However, if a character is being trans- 
mitted or if a character is in the THR when the 
transmitter is disabled, the transmission of the 


O111 


1000 


1010 


1014 


1100 


1101 
1110 


1111 
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character(s) is completed before assuming the 


inactive state. 


CRA[2] — Enable Channel A 

Transmitter 

Enables operation of the Channel A transmitter. 
The TxRDY status bit will be asserted. 


CRA[1] — Disable Channel A Receiver 

This command terminates operation of the re- 
ceiver immediately — a character being re- 
ceived will be lost. The command has no effect 
on the receiver status bits or any other control 
registers. If the special multidrop mode is pro- 
grammed, the receiver operates even ifitis dis- 
abled. See Operation section. 


CRA[0} — Enable Channel A Receiver 
Enables operation of the Channel A receiver. 
If not in the special wakeup mode, this also 
forces the receiver into the search for start bit 
state. 


CRB — Channel B Command 
Register 

CRB is aregister used to supply commands to 
Channel B. Multiple commands can be speci- 
fied in a single write to CRB as long as the com- 
mands are non-conflicting, e.g., the ‘enable 
transmitter’ and ‘reset transmitter’ commands 
cannot be specified in a single command word. 


The bit definitions for this register are identical 
to the bit definitions for CRA, with the exception 
of comamnds “Ex” and “Fx” which are used for 
power downmode. These two commands are 
not used in CRB. All other control actions that 
apply to CRA also apply to CRB. 


SRA — Channel A Status 
Register 


SRA[7] — Channel A Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received: further 
entries to the FIFO are inhibited until the RxDA 
line to the marking state for at least one-half a 
bit time (two successive edges of the internal or 
external 1X clock). 


When this bit is set, the Channel A ‘change in 
break’ bit in the ISR (ISR[2}) is set. !SR[2] is 
also set when the end of the break condition, as 
defined above, is detected. 


The break detect circuitry can detect breaks 
that originate in the middle of a received char- 
acter. However, if a break begins in the middle 
of a character, it must persist until at least the 
end of the next character time in order for it to 
be detected. 
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SRA[6] — Channel A Framing Error 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 


SRA[5] — Channel A Parity Error 

This bit is set when the ‘with parity’ or ‘force par- 
ity’ mode is programmed and the correspond- 
ing character in the FIFO was received with 
incorrect parity. In the special multidrop mode, 
the parity error bit stores the received A/D bit. 


SRA[4] — Channel A Overrun Error 

This bit, when set, indicates that one or more 
characters in the received data stream have 
beenlost. Itis set upon receipt of a new charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. This bit is cleared by a ‘reset 
error status’ command. 


SRA[3] — Channel A Transmitter Empty 
(TxEMTA) 

This bit willbe set when the Channel A transmit- 
ter underruns; i.e., both the Transmit Holding 
Register (THR) and the transmit shift register 
are empty. Itis set after transmission of the last 
stop bit of a character if no character is in the 
THR awaiting transmission. Itis resetwhen the 
THRis loaded by the CPU orwhen the transmit- 
ter is disabled. 


SRA[2] — Channel A Transmitter Ready 
(TxRDYA) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
the CPU andis set when the character is trans- 
ferred to the transmit shift register. TxRDY is 
reset when the transmitteris disabled andis set 
when the transmitter is first enabled, e.g., char- 
acters loaded into the THRwhile the transmitter 
is disabled will not be transmitted. 


SRA[1] — Channel A FIFO Full (FFULLA) 
This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., alleight FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
Ifa character is waiting in the receive shift regis- 
ter because the FIFO is full, FFULL will not be 
reset when the CPU reads the RHR. 


SRA[0] — Channel A Receiver Ready 
(RxRDYA) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. Itis set when the character is trans- 
ferred from the receive shift to the FIFO and re- 
set when the CPU reads the RHR, if after this 
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read there are not more characters still in the 
FIFO. 


SRB — Channel B Status 

Register 

The bit definitions for this register are identical 
to the bit definitions for SRA, except that all sta- 
tus applies to the Channel B receiver and trans- 
mitter and the corresponding inputs and 
outputs. 


OPCR -— Output Port 
Configuration Register 


OPCR{[7] — OP7 Output Select 

This bit programs the OP7 output to provide 
one of the following: 

— The complement of OPR[7}. 


— The Channel B transmitter interrupt output 
which is the complement of TXRDYB. 
When in this mode OP7 acts as an 
open-drain output. Note that this output is 
not masked by the contents of the IMR. 


OPCR[6] — OP6 Output Select 

This bit programs the OP6 output to provide 

one of the following: 

— The complement of OPR[6]. 

— The Channel A transmitter interrupt output 
which is the complement of TxRDYA. 
When in this mode OP6 acts as an 
open-drain output. Note that this output is 
not masked by the contents of the IMR. 


OPCR[5] — OP5 Output Select 

This bit programs the OP5 output to provide 
one of the following: 

— The complement of OPR{[5]. 


— The Channel B transmitter interrupt output 
which is the complement of ISR[5]. When 
in this mode OP5 acts as an open-drain 
output. Note that this output is not masked 
by the contents of the IMR. 


OPCR[4] — OP4 Output Select 

This field programs the OP4 output to provide 
one of the following: 

— The complement of OPR[4]. 


— The Channel A receiver interrupt output 
which is the complement of ISR[1]. When 
in this mode OP4 acts as an open-drain 
output. Note that this output is not 
masked by the contents of the IMR. 


OPCR{[3:2] —- OP3 Output Select 

This bit programs the OP3 output to provide 
one of the following: 

— The complement of OPR{3}. 


— The counter/timer output, in which case 
OP3 acts as an open-drain output. In the 
timer mode, this output is a square wave at 
the programmed frequency. In the counter 
mode, the output remains High until termi- 
nal count is reached, at which time it goes 
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Low. The output returns to the High state 
when the counter is stopped by a stop 
counter command. Note that this output is 
not masked by the contents of the IMR. 

— The 1X clock for the Channel B transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel B receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


OPCR{[1:0] - OP2 Output Select 

This field programs the OP2 output to provide 

one of the following: 

— The complement of OPR[2]. 

— The 16X clock for the Channel A transmit- 
ter. This is the clock selected by 
CSRAJ3:0], and will be a 1X clock if 
CSRA[3:0] = 1111. 

— The 1X clock for the Channel A transmitter, 
which is the clock that shifts the trans- 
mitted data. If data is not being trans- 
mitted, a free running 1X clock is output. 

— The 1X clock for the Channel A receiver, 
which is the clock that samples the re- 
ceived data. If data is not being received, 
a free running 1X clock is output. 


SOPR - Set the Output Port Bits 
(OPR) 


SOPR[7:0] — Ones tn the byte written to this 
register will cause the corresponding bit posi- 
tions in the OPR to set to 1. Zeros have no 
effect. 


ROPR - Reset Output Port Bits 
(OPR) 


ROPR[7:0] — Ones in the byte written to the 
ROPR will cause the corresponding bit posi- 
tions in the OPR to set to 0. Zeros have no 
effect. 


ACR - Auxiliary Control 
Register 


ACR[7] — Baud Rate Generator Set Select 
This bit selects one of two sets of baud rates to 
be generated by the BRG. 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

Set 2: 75, 110, 134.5, 150, 300, 600, 1.2k, 


1.8k, 2.0k, 2.4k, 4.8k, 9.6k, and 
19.2k baud. 


The selected set of rates is available for use by 
the Channel A and B receivers and transmitters 
as described in CSRA and CSRB. Baud rate 
generator characteristics are given in Table 4. 
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Table 4. _ Bit Rate Generator 
Characteristics 
Crystal or Clock = 
3.6864MHz 


ACTUAL 
16x CLOCK | ERROR (%) 
(kHz) 


0.059 


nN 
o 
oO 


N 
o1 


0 
0 
0 
0 
—-0. 
0 
0 
0. 
0 
0 
0 
0 
0 
0 





NOTE: 
Duty cycle of 16x clock is 50% + 1%. 


ACR[6:4] — Counter/Timer Mode And 
Clock Source Select 

This field selects the operating mode of the 
counter/timer and its clock source as shown in 
Table 5. 


Table 5. ACR [6:4] Field 


Definition 


[eal] MODE [CLOCK SOURCE 


Counter | External (IP2) 
Counter | TxCA — 1x clock of 
Channel A transmitter 
TxCB — 1x clock of 
Channel B transmitter 
Crystal or external clock 
(x1/CLK) divided by 16 
External (IP2) 

External (IP2) divided 
by 16 

Crystal or external clock 
(X1/CLK) 

Crystal or external clock 
(X1/CLK) divided by 16 





















Counter 








Counter 










Timer 
Timer 















| Timer 









Timer 





ACR[3:0] —IP3, IP2, IP1, IPO 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register (ISR[7]) to be 
set. Ifa bitis in the ‘on’ state the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. If abit 
is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 
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IPCR — Input Port Change 
Register 


IPCR[7:4] — IP3, IP2, IP1, IPO 
Change-of-State 

These bits are set when a change-of-state, as 
defined in the input port section of this data 
sheet, occurs at the respective input pins. They 
are cleared when the IPCR is read by the CPU. 
A read of the IPCR also clears ISR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to 
generate an interrupt to the CPU. 


IPCR[3:0] — IP3, IP2, IP1, IPO 
Change-of-State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the input pins at the 
time the IPCR is read. 


ISR — Interrupt Status Register 

This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the Interrupt Mask Register 
(IMR). If a bit in the ISR is a ‘1’ and the corre- 
sponding bit in the IMR js also a ‘1’, the INTRN 
output will be asserted (Low). If the corre- 
sponding bit in the IMR is a zero, the state of 
the bit in the ISR has no effect on the INTRN 
output. Note that the IMR does not mask the 
reading of the ISR — the true status will be pro- 
vided regardless of the contents of the IMR. 
The contents of this register are initialized to 


001, when the DUART is reset. 


ISR[7] — Input Port Change Status 

This bit is a‘1' when a change-of-state has oc- 
curred at the IPO, IP1, IP2, or IP3 inputs and 
that event has been selected to cause an inter- 
rupt by the programming of ACR[3:0]. The bit 
is cleared when the CPU reads the IPCR. 


ISR[6] — Channel B Change In Break 

This bit, when set, indicates that the Channel B 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel B ‘reset break change inter- 
rupt’ command. 


ISR[5] - Channel B Receiver Ready 

or FIFO Full 

The function of this bit is programmed by 
MR1B[6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel B andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
lf after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis setwhen a character is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel B FIFO to be- 
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come full; i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the RHR. 
lfacharacter is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the waiting character is loaded into 
the FIFO. 


ISR[4] - Channel B Transmitter Ready 
This bit is a duplicate of TxRDYB (SRB[2)). 


ISR[3] — Counter Ready. 

In the counter mode, this bit is set when the 
counter reaches terminal count and is reset 
when the counter is stopped by a stop counter 
command. 


In the timer mode, this bitis setonce each cycle 
of the generated square wave (every other time 
thatthe counter/timer reaches zero count). The 
bit is reset by a stop counter command. The 
command, however, does not stop the counter/ 
timer. 


ISR[2] — Channel A Change in Break 

This bit, when set, indicates that the Channel A 
receiver has detected the beginning or the end 
of a received break. It is reset when the CPU 
issues a Channel A ‘reset break change inter- 
rupt’ command. 


ISR[1] ~ Channel A Receiver Ready Or 
FIFO Full 

The function of this bit is programmed by 
MRI1Aj/6]. If programmed as receiver ready, it 
indicates that a character has been received in 
Channel A andis waiting in the FIFO to be read 
by the CPU. It is set when the character is 
transferred from the receive shift register to the 
FIFO and reset when the CPU reads the RHR. 
If after this read there are more characters still 
in the FIFO the bit will be set again after the 
FIFO is ‘popped’. If programmed as FIFO full, 
itis set when acharacter is transferred from the 
receive holding register to the receive FIFO and 
the transfer caused the Channel A FIFO to be- 
come full; i.e., all three FIFO positions are occu- 
pied. Itis reset when the CPU reads the RHR. 
lfacharacter is waiting in the receive shift regis- 
ter because the FIFO is full, the bit will be set 
again when the ISR[0] and IMR waiting charac- 
ter is loaded into the FIFO. 


ISR[0] —- Channel A Transmitter Ready 
This bit is a duplicate of TxRDYA (SRA[2]}). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR causes an interrupt output. Ifa 
bit in the ISR is a ‘1’ and the corresponding bit 
in the IMR is also a'‘1’ the INTRN output will be 
asserted. Ifthe corresponding bit in the IMR is 
a zero, the state of the bit in the ISR has no ef- 
fect on the INTRN output. Note that the IMR 
does notmask the programmable interrupt out- 
puts OP3—OP7 or the reading of the ISR. 
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CTUR and CTLR — Counter/Timer 


Registers 

The CTUR and CTLR hold the eight MSBs and 
eight LSBs, respectively, of the value to be 
used by the counter/timer in either the counter 
or timer modes of operation. The minimum va- 
lue which may be loaded into the CTUR/CTLR 
registers is H‘0002’. Note that these registers 
are write-only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
C/T generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR and CTLR is 
changed, the current half-period will not be af- 
fected, but subsequent half periods will be. The 
C/T will not be running until it receives an initial 
‘Start Counter’ command (read at address 
A3—A0 = 1110). After this, while in timer mode, 
the C/T will run continuously. Receipt of a start 
counter command (read with A3—AO = 1110) 
causes the counter to terminate the current tim- 
ing cycle and to begin a new cycle using the va- 
lues in CTUR and CTLR. 


X1/CLK 


A1--A4 


tba 


DTACKN 
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The counter ready status bit (ISR[3]) is set once 
each cycle of the square wave. The bit is reset 
by a stop counter command (read with A3—AO 
= H'F’). The command however, does not stop 
the C/T. The generated square wave is output 
on OP3 if it is programmed to be the C/T 
output. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR and CTLR 
by the CPU. Counting begins upon receipt of 
a start counter command. Upon reaching ter- 
minal count H‘0000’, the counter ready inter- 
rupt bit (ISR[3]}) is set. The counter continues 
counting past the terminal count until stopped 
by the CPU. If OP3 is programmed to be the 
output of the C/T, the output remains High until 
terminal count is reached, at which time it goes 
Low. The output returns to the High state and 
ISR[3] is cleared when the counter is stopped 
by a stop counter command. The CPU may 
change the values of CTUR and CTLR at any 
time, but the new count becomes effective only 
onthe next start counter commands. If new val- 


NOT 
got==h 


fp 


‘DCR 


'(DAT 


Figure 2. Bus Timing (Read Cycle) 
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ues have not been loaded, the previous count 
values are preserved and used for the next 
count cycle 


In the counter mode, the current value of the up- 
per and lower 8 bits of the counter (CTU, CTL) 
may be read by the CPU. It is recommended 
that the counter be stopped when reading to 
prevent potential problems which may occur if 
a carry from the lower 8 bits to the upper 8 bits 
occurs between the times that both halves of 
the counter are read. However, note that a sub- 
sequent start counter command will cause the 
counter to begin anew countcycle using the va- 
lues in CTUR and CTLR. 


IVR — Interrupt Vector Register 
This register contains the interrupt vector. The 
register is initialized to H'OF' by RESET. The 
contents of the register are placed on the data 
bus when the DUART responds to a valid inter- 
rupt acknowledge cycle. 


Philips Components—Signetics Data Communication Products Preliminary Specification 


Dual asynchronous receiver/transmitter (DUART) SC68C92 


<— tcsc 


X1/CLK 


tas 
i 


tRws tRWH 


ee = 


ee eters eee 


tos 


= 
DTACKN ‘cSD EC 
ay 


tocw 


‘DH 


‘DAH 


>| tDaT 


Figure 3. Bus Timing (Write Cycle) 
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Figure 4. Interrupt Cycle Timing 
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OP0-OP7 OLD DATA NEW DATA 


Figure 5. Port Timing 





CSN 
(READ OR 
WRITE) 


INTERRUPT' 
OUTPUT 


NOTES: 
1. INTRN or OP3 — OP7 when used as interrupt outputs. 


2. The test for open drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from themidpoint of the switching signal, Vy, to a 
point 0.5 volts above VQ. This point represents noise margin that assures true switching has occurred. Beyond this level, the effects of external circuitry and test environment are pronounced 
and can greatly affect the resultant measurement. 


Figure 6. Interrupt Timing 





November 12, 1990 217 





Philips Components—Signetics Data Communication Products Preliminary Specification 


Dual asynchronous receiver/transmitter (DUART) SC68C92 


NOTE: 
RESISTOR REQUIRED 
FOR TTL INPUT. 


X1/CLK 
CTCLK CLK seen ati Se Se 
RxC 


TxC 


NOTE: * X2 SHOULD BE LEFT OPEN OR 
GROUNDED WHEN X1 IS DRIVEN. 


C1 =C2=24pF FOR C| = 20pF 
SC68C92 


TYPICAL CRYSTAL SPECIFICATION 


Frequency 2-4 MHz 
Load Capacitance (C,)} 12 - 32pF 
Type of Operation Parallel resonant, fundamental mode 


Figure 7. Clock Timing 
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Figure 8. Transmit Timing 
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Figure 9. Receive Timing 
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NOTES: 
1. Timing shown for MR2(4) = 1. 
2. Timing shown for MR2(5) = 1. 


Figure 10. Transmitter Timing 
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FFULL 
(OP4)? 


CSN y y i / 
(READ) 
STATUS DATA | STATUS DATA_ STATUS DATA_ STATUS DATA 
dl 


D1 D11 WILL BELOST\ pg D3 010 
OVERRUN DUE TO OVERRUN 


(SR4) COMMAND 


RTS' 


(OPO) if 


OPR(O) = 1 
NOTES: 
1. Timing shown for MR1(7) = 1. 
2. Shown for OPCR(4) and MR1(6} = 0. 


Figure 11. Receiver Timing 
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Figure 12. Wake-Up Mode 
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Figure 13. Test Conditions on Outputs 
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DESCRIPTION 

The SC26C94/SC68C94 quad universal 
asynchronous receiver/transmitter 
(QUART) combines four enhanced 
Signetics industry-standard UARTs with 
an innovative interrupt scheme that can 
vastly minimize host processor 
overhead. It is implemented using 
Signetics’ high-speed CMOS process 
that combines small die size and cost 
with low power consumption. 







The operating speed of each receiver 
and transmitter can be selected 
independently at one of eighteen fixed 
baud rates, a 16X clock derived from a 
programmable counterAimer, or an 
external 1X or 16X clock. The baud rate 
generator and counter/imer can operate 
directly from a crystal or from external 
clock inputs. The ability to independently 
program the operating speed of the 
receiver and transmitter make the Octal 
UART particularly attractive for 
dual-speed channel applications such as 
clustered terminal systems. 


Each receiver is buffered with eight 
character FIFOs (first-in-first-out 
memories) and one shift register to 
minimize the potential for receiver 
overrun and to reduce interrupt 
overhead in interrupt driven systems. In 
addition, a handshaking capability is 
provided to disable a remote UART 
transmitter when the receiver buffer is 
full. (RTS control) 


The SC26C94/SC68C94 provides a 
power-down mode in which the oscillator 
is stopped and the register contents are 
stored. This results in reduced power 
consumption on the order of several 
magnitudes. The Octal UART is fully 
TTL compatible and operates from a 
single +5V power supply. 


SC26C94/SC68C94 


Quad universal asynchronous 
receiver/transmitter (QUART) 


FEATURES 
® Four Signetics industry-standard 
UARTs 
® Eight byte receive FIFOs for each 
UART 
© Programmable data format: 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force parity 
— 1, 1.5 0r 2 stop bits programmable 
in 1/16-bit increments 
® Baud rate for the receiver and 
transmitter selectable from: 


— 18 fixed rates: 50 to 38.4K baud 
Non-standard rates to 230.4K baud 


— User-defined rates from the 
programmable counterAimer 
associated with each block 


— External 1X or 16X clock 


® Parity, framing, and overrun error 
detection 


@ False start bit detection 
® Line break detection and generation 


® Programmable channel mode 


— Normal (full-duplex), automatic 
echo, local loop back, remote 
loopback 


© Eight byte transmit FIFOs for each 
UART 


® Programmable interrupt priorities 


®@ Identification of highest priority 
interrupt 


© Global interrupt register set provides 
data from interrupting channel 


© Vectored interrupts with 
programmable vector format 


@ JACKN and DTACKN signals 


® Built-in baud rate generator with 
choice of 18 rates 
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PIN CONFIGURATIONS 


A[5:0] 
CEN 
RDN 

WRN 


D{7:0 


RESET 


X1/CLK 
X2 
RDa-d 





® Four I/O pins per UART for modem 
controls, clocks, etc. 


@ Power down mode 
® High-speed CMOS technology 
@ 52-pin PLCC and 48-pin DIP 


@ Commercial and industrial 
temperature ranges available 


® On-chip crystal oscillator 
e TTL compatible 
® Single +5V power supply 


® Two multifunction programmable 
16-bit counter/timers 


@ {MHz 16X mode operation 
e 45ns data bus release time 


@ “Watch Dog” timer for each receiver 
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ORDERING INFORMATION 


PACKAGES Vec = +5V 410%, Ta = 0°C to +70°C Voc = +5V +10%, Ta = —40°C to +85°C 
Plastic Dual In-Line Package SC26C94C1N48 SC26C94A1N48 
Plastic Leaded Chip Carrier SC26C94C1A52 SC26C94A1A52 


NOTE: 
Pin Grid Array (PGA) package version is available from Philips Components Military Division. 







PIN CONFIGURATIONS 


52-Pin PLCC Package 
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PIN DESCRIPTION 


MNEMONIC 


CEN 


NAME AND FUNCTION 


Chip Select: Active low input that, in conjunction with RDN or WRN, indicates that the control processor is trying 
to access a QUART register. 


PAS Oe = — aie Address Lines: These inputs select a SC26C94/SC68C94 register to be read or written by the control processor. 
Ci as 8-bit Bidirectional Data Bus: Used by the control processor to read and write SC26C94/SC68C94 registers. 


Read Strobe: Active low input. When this line is asserted simultaneously with CEN, the SC26C94/SC68C94 places 
the contents of the register selected by A[5:0] on the D[7:0] lines. 


Write Strobe: Active low input. When this line is asserted simultaneously with CEN, the SC26C94/SC68C94 writes 
the data on D[7:0] into the register selected by A[5:0]. 

































WRN 


7 


Data ACKnowledge: Active low, open-drain output to the control processor, which Is asserted subsequent to aread 
or write operation. For a read operation, assertion of DACKN indicates that register data is valid on D[7:0]. Fora 
write operation, it indicates that the data on D[7:0] has been captured into the indicated register. This signal 
corresponds to READYN on 80x86 processors and DTACKN on 680x0 processors. 


interrupt Request: This active low open-drain output to the control processor indicating that one or more of the UART 
channels has reached an interrupt value which exceeds that pre-programmed by host software. The IRQN can be 
used directly as a 680x0 processor input; it must be inverted for use as an 80x86 interrupt input. This signal requires 
an external pull-up resistor. 






















Interrupt ACKnowledge: Active low input indicating that the control processor is acknowledging an interrupt re- 


IACKN 
questedby this device. The SC26C94/SC68C94 responds to the assertion of this signal by placing an interrupt vector 
on D[7:0] and asserting DACKN. 


‘Toad =| OC Transmit Data: Serial outputs from the four UARTs. 
FRDad =f Receive Data: Serial inputs to the four UARTs/ 


/O0a-d VO Input/Output 0: A multi-use input or output signal foreach UART. These pins can be used as general purpose inputs, 
Clear to Send inputs, 1X or 16X Transmit Clock outputs or general purpose outputs. Change-of-state detection is 
VOta-d 


provided for these pins. 






















Input/Output 1: A multi-use input or output signal for each UART. These pins can be used as general purpose or 
1X or 16X transmit clock inputs, or general purpose 1X or 16X receive clock outputs. Change-of-state detection is 
provided for these pins. In addition, /O1a and |/O1c can be used as Counter/Timer inputs and !/O1b and I/O1d can 
be used as Counter/Timer outputs. 








Input/Output 2: A multi-use input or output signal foreach UART. These pins can be used as general purpose inputs, 
1X or 16X receive clock inputs, general purpose outputs, RTS output or 1X or 16X receive clock outputs. 











Input/Output 3: A multi-use input or output signal foreach UART. These pins can be used as general purpose inputs, 
1X or 16X transmit clock inputs, general purpose outputs, or 1X or 16X transmit clock outputs. 


Master Reset: Active high reset for the SC26C94/SC68C94 logic. Must be asserted at power-up, may be asserted 
at other times that the system is to be reset and restarted. Registers reset. MR pointer, CIR, IRQN, DTACKN, IVR 


Interrupt Vector, Power Down, Test registers, FIFO pointers, Baud rate generator, Error Status, Watch Dog Timers, 


RESET 
IMR, Change of State detectors, counter/timer to timer, Transmitter and Receiver controllers. 


X1/CLK Crystal 1 or Communication Clock: This pincan be connected to one side of a3.6864MHz or a 7.3728MHz crystal, 
or can be connected to a TTL-level clock with the same frequency. 


es Crystal 2: If a crystal is used, this pin should be connected to its other terminal. If a TTL-level clock is applied to 
















X1, this pin should be left unconnected. 


BLOCK A 
COUNTER/TIMER 
INTERFACE VO PORT CONTROL ae 
GENERATOR 
UARTS A/B 


INTERRUPT CONTROL 
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re >{ _uaatsco sik C/D 
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vO ee RT CONTROL 





Figure 1. Channel Architecture 
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Table 1. QUART Registers 


oo00%0 
000100 
003000 
000101 
000170 
o00%T 








000000 


001000 
001001 
001010 
001011 
001100 
00110 
00110 
010000 
010001 
o100 
010100 
0771000 
100000 
10000) 
100070 

10010) 

Toor 

101000 

101001 Global Interrupt Channel Reg (GICR) 

101700 

101101 
110000—1600 

111001 
11010-11111 











TEESE SHR 
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FUNCTIONAL BLOCKS 

The QUART is composed of four Signetics 
industry-standard UARTs, each having a 
separate transmit and receive channel. 


The Basic UART cells in the QUART are 
configured with 8-byte Receive FIFOs and 
8-byte Transmit FIFOs. Hardware supports 
interrupt priority arbitration based on the 
number of bytes available in the transmit and 
receive FIFOs. Attempts to push a full FIFO 
Or pop an empty FIFO do not affect the count. 


Baud Rate Generator 

The baud rate generator used in the QUART 
is the same as that used in other Signetics 
industry standard UARTs. It provides 18 
basic Baud rates from 50 baud to 38,400 
baud. It has been enhanced to provide to 
provide other baud rates up to 230,400 baud 
based on a 3.6364MHz clock. With a 
7.272800MHz clock 460,800 baud is 
available. 


BLOCK DIAGRAM 

As shown in the block diagram, the QUART 
consists of: data bus buffer, interrupt control, 
operation control, timing, and four receiver 
and transmitter channels. The four channels 
are divided into two different blocks, each 
block independent of the other (see Figure 1). 


Channel Blocks 

There are two blocks (Figure 1), each 
containing two sets of receiver/transmitters. 
In the following discussion, the description 
applies to Block A which contains channels a 
and b. However, the same information 
applies to all channel blocks. 


Data Bus Buffer 

The data bus buffer provides the interface 
between the external and internal data buses. 
It is controlled by the operation control block 
to allow read and write operations to take 
place between the controlling CPU and the 
QUART. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates 
appropriate signals to internal sections to 
control device operation. It contains address 
decoding and read and write circuits to permit 
communications with the control processor 
via the data bus buffer. The functions 
performed by the CPU read and write 
operations are shown in Table 1. 


Mode registers (MR) 0, 1 and 2 are accessed 
via an address counter. This counter is set to 
one (1) by reset for compatibility with other 
Signetics UARTs. It is set to 0 viaa 
command to the Command Register (CR). 
The address counter is incremented with 
each access to the MR until it reaches 2 at 
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which time it remains at 2. All subsequent 
accesses to the MR will be to MR2 until the 
MR counter changed by a reset or an MR- 
counter command. 


The Mode Registers control the basic 
configuration of the UART channels. There is 
one for each UART. (Transmitter/receiver 


pair) 


Timing Circuits 

The timing block consists of a crystal 
oscillator, a baud rate generator, a 
programmable 16-bit counter/timer for each 
block, and two clock selectors. 


Oscillator 

The crystal oscillator operates directly from a 
3.6864MHz crystal connected across the X1/ 
CLK and X2 inputs with a minimum of 
external components. If an external clock of 
the appropriate frequency is available, it may 
be connected to X1/CLK. If an external clock 
is used instead of a crystal, X1 must be 
driven and X2 left floating as shown in Figure 
8. The clock serves as the basic timing 
reference for the baud rate generator (BRG), 
the counter/timer, and other internal circuits. 
A clock frequency, within the limits specified 
in the electrical specifications, must be 
supplied even if the internal BRG is not used. 


Baud Rate Generator 

The baud rate generator operates from the 
oscillator or external clock input and is 
capable of generating 18 commonly used 
data communications baud rates ranging 
from 50 to 38.4K baud. Thirteen of these are 
available simultaneously for use by the 
receiver and transmitter. Eight are fixed, and 
one of two sets of five can be selected by 
programming ACR{7]. The clock outputs from 
the BRG are at 16X the actual baud rate. The 
counter/timer can be used as a timer to 
produce a 16X clock for any other baud rate 
by counting down the crystal clock or an 
external clock. The clock selectors allow the 
independent selection, by the receiver and 
transmitter, of any of these baud rates or an 
external timing signal. 


Counter/Timer (C/T) 

The counter timer is a 16-bit programmable 
divider that operates in one of three modes: 
counter, timer, time out. In the timer mode it 
generates a square wave. In the counter 
mode it generates a time delay. In the time 
out mode it monitors the time between 
received characters. In this mode it is acting 
as a programmable watch dog timer. 


The C/T uses the numbers loaded into the 
Counter/Timer Lower Register (CTLR) and 
the Counter/Timer Upper Register (CTUR) as 
its divisor. 
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There are two counter/timers in the QUART; 
one for each DUART. The counter/timer 
clock source and mode of operation (counter 
or timer) is selected by the Auxiliary Control 
Register bits 6 to 4 (ACR[6:4]). The output of 
the counter/timer may be used for a baud 
rate and/or may be output to the I/O pins for 
some external function that may be totally 
unrelated to data transmission. The 
counter/timer also sets the counter/timer 
ready bit in the Interrupt Status Register 
(ISR) when its output transitions from 1 to 0. 


A register read address is reserved to start 
counter/timer command and a second 
register read address is reserved to issue a 
stop command. The START command 
always loads the contents of CTUR, CTLR, to 
the counting registers. The STOP command 
always resets the ISR[3] bit in the interrupt 
Status registers. See Table 1. 


Timer Mode 

In the timer mode a symmetrical square wave 
is generated whose half period is equal in 
time to division of the selected counter/timer 
clock frequency by the 16-bit number loaded | 
inthe CTLR CTUR. Thus, the frequency of 
the counter/timer output will be equal to the 
counter/timer clock frequency divided by 
twice the value of the CTUR CTLR. While in 
the timer mode the ISR bit 3 (ISR[3]) will be 
set each time the counter/timer transitions 
from 1 to 0. (High to low) This continues 
regardless of issuance of the stop counter 
command. |ISR[3] is reset by the stop 
counter command. NOTE: Reading of the 
CTU and CTL registers in the timer mode is 
not meaningful. 


Counter Mode 

In the counter mode the counter/timer counts 
the value of the CTLR CTUR down to zero 
and then sets the ISR[3] bit and sets the 
counter/timer output from 1 to 0. It then rolls 
over to 65,365 and continues counting with 
no further observable effect. 


Reading the C/T in the counter mode outputs 
the present state of the C/T. If the C/T is not 
stopped, a read of the C/T may result in 
changing data on the data bus. 


Timeout Mode 

The timeout mode uses the received data 
stream to control the counter. Each time a 
received character is transferred from the 
shift register to the RxFIFO, the counter is 
restarted. If a new character is not received 
before the counter reaches zero count, the 
counter ready bit is set, and an interrupt can 
be generated. This mode can be used to 
indicate when data has been left in the Rx 
FIFO for more than the programmed time 
limit. If the receiver has been programmed to 
interrupt the CPU when the receive FIFO is 
full, and the message ends before the FIFO 
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is full, the CPU will not be interrupted for the 
remaining characters in the RxFIFO. 


By programming the C/T such that it would 
time out in just over one character time, the 
above situation could be avoided. The 
processor would be interrupted any time the 
data stream had stopped for more than one 
character time. NOTE: This is very similar to 
the watch dog timer controlled by MRO. The 
difference is in the programmability of the 
delay time. 


This mode is enabled by writing the 
appropriate command to the command 
register. Writing an ‘Ax’ to CRA or CRB will 
invoke the timeout mode for that channel. 
Writing a ‘Cx’ to CRA or CRB will disable the 
timeout mode. The timeout mode should only 
be used by one channel at a time. 


The timeout mode disables the regular 
START/STOP counter commands and puts 
the C/T into counter mode under the control 
of the received data stream. Each time a 
received character is transferred from the 
shift register to the RxFIFO, the C/T is 
stopped after one C/T clock, reloaded with 
the value in CTUR and CTLR and then 
restarted on the next C/T clock. If the C/T is 
allowed to end the count before a new 
character has been received, the counter 
ready bit, ISR[3], will be set. If IMR[3] is set, 
this will generate an interrupt. Since receiving 
a character restarts the C/T, the receipt of a 
character after the C/T has timed out will 
clear the counter ready bit, ISR[3], and the 
interrupt. Invoking the ‘Set Timeout Mode On’ 
command, CRx=‘Ax’, will also clear the 
counter ready bit and stop the counter until 
the next character is received. 


The counter timer is controlled with six 
commands: Start/Stop C/T, Read/Write 
Counter/Timer lower register and Read/Write 
Counter/Timer upper register. These 
commands have slight differences depending 
on the mode of operation. Please see the 
detail of the commands under the CTLR 
CTUR Register descriptions. 


Receiver and Transmitter 

The QUART has four full-duplex 
asynchronous receiver/transmitters. The 
operating frequency for the receiver and 
transmitter can be selected independently 
from the baud rate generator, the 
counter/timer, or from an external input. 


Registers associated with the 
communications channel are the mode 
registers (MRO, MR1 and MR2) Clock Select 
Register (CSR), Command Register (CR), 
Status Register (SR), Transmit FIFO 
(TxFIFO), and the Receive FIFO (RxFIFO). 
The transmit and receive FIFOs are each 
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eight characters deep. The receive FIFO 
also stores three status bits with each 
character. 


Transmitter 

The transmitter accepts parallel data from the 
CPU and converts it to a serial bit stream on 
the TxD output pin. It automatically sends a 
Start bit followed by the programmed number 
of data bits, an optional parity bit, and the 
programmed number of stop bits. The least 
significant bit is sent first. Following the 
transmission of the stop bits, if anew 
character is not available in the TxFIFO, the 
TxD output remains high and the TxEMT bit 
in the SR will be set to 1. Transmission 
resumes and the TxEMT bit is cleared when 
the CPU loads a new character in the 
TXFIFO. In the 16X clock mode, this also re- 
synchronizes the internal 1X transmitter clock 
so that transmission of the new character 
begins with minimum delay. 


The transmitter can be forced to send a break 
(continuous Low condition) by issuing a start 
break command via the CR. The break is 
terminated by a stop break command. If the 
transmitter is disabled, it continues operating 
until the characters currently being 
transmitted and the character in the TxFIFO, 
if any, are completely sent out. Characters 
cannot be loaded in the TxFIFO while the 
transmitter is disabled. 


Receiver 

The receiver accepts serial data on the RxD 
pin, converts the serial input to parallel 
format, checks for start bit, stop bit, parity bit 
(if any), or break condition, and presents the 
assembled character to the CPU. The 
receiver looks for a High-to-Low 
(mark-to-space) transition of the start bit on 
the RxD input pin. If a transition is detected, 
the state of the RxD pin is sampled again 
each 16X clock for 7-1/2 clocks (16X clock 
mode) or at the next rising edge of the bit 
time clock (1X clock mode). 


If RxD is sampled High, the start bit is invalid 
and the search for a valid start bit begins 
again. If RxD is still Low, a valid start bit is 
assumed and the receiver samples the input. 
This continues at one bit time intervals, at the 
theoretical center of the bit, until the proper 
number of data bits and the parity bit (if any) 
have been assembled, and one stop bit has 
been detected. The data is then transferred 
to the RxFIFO and the RxRDY bit in the SR 
is set to a one. If the character length is less 
than eight bits, the most significant unused 
bits in the RxFIFO are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. 
However, if a non-zero character was 
received without a stop bit (i.e. framing error) 
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and RxD remains low for one-half of the bit 
period after the stop bit was sampled, then 
the receiver operates as if a new start bit 
transition had been detected at that point 
(one-half bit time after the stop bit was 
sampled). The parity error, framing error and 
overrun error (if any) are strobed into the SR 
at the received character boundary, before 
the RxRDY status bit is set. 


If a break condition is detected (RxD is low 
for the entire character including the stop bit), 
only one character consisting of all zeros will 
be loaded in the FIFO and the received break 
bit in the SR is set to 1. The RxD input must 
return to a high condition for two successive 
clock edges of the 1X clock (internal or 
external) before a search for the next start bit 
begins. 


RECEIVER FIFO 

The RxFIFO consists of a first-in-first-out 
(FIFO) with a capacity of eight characters. 
Data is loaded from the receive shift register 
into the top-most empty position of the FIFO. 
The RxRDY bit in the status register (SR) is 
set whenever one or more characters are 
available to be read, and a FFULL status bit 
is set if all eight stack positions are filled with 
data. The number of filled positions is 
encoded into a 3-bit value. This value is sent 
to the interrupt bidding logic where it is used 
to generate an interrupt. A read of the 
RxFIFO, outputs the data at the top of the 
FIFO. After the read cycle, the data FIFO and 
its associated status bits are ‘popped’ thus 
emptying a FIFO position for new data. 


NOTE: The number of filled positions in the RxFIFO is 
coded as one (1) less than the actual number. Thus, three 
filled positions is coded as two, 8 filled is coded as 7, etc. 


In addition to the data word, three status bits 
(parity error, framing error, and received 
break) are appended to each data character 
in the FIFO. Status can be provided in two 
ways, aS programmed by the error mode 
control bit in the mode register. In the 
‘character’ mode, status is provided on a 
character-by-character basis: the status 
applies only to the character at the top of the 
FIFO. In the ‘block’ mode, the status provided 
in the SR for these three bits is the logical 
OR of the status for all characters coming to 
the top of the FIFO since the last reset error 
command was issued. In either mode, 
reading the SR does not affect the FIFO. The 
FIFO is ‘popped’ only when the RxFIFO is 
read. Therefore, the SR should be read prior 
to reading the corresponding data character. 


If the FIFO is full when a new character is 
received, that character is held in the receive 
shift register until a FIFO position is available. 
If an additional character is received while 
this state exists, the contents of the FIFO are 
not affected: the character previously in the 
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shift register is lost and the overrun error 
status bit, SR[4], will be set upon receipt of 
the start bit of the new (overrunning) 
character. 


A “watch dog” timer is associated with each 
receiver. Its interrupt is enabled by MRO[7]. 
The purpose of this timer to alert the control 
processor that characters are in the RxFIFO 
which have not been read. This situation 
may occur at the end of a transmission when 
the last few characters received are not 
sufficient to cause an interrupt. 


This counter times out after 64 bit times. Itis 
reset each time a character is transferred 
from the Receive shift register to the RxFIFO. 


WAKE-UP MODE 

In addition to the normal transmitter and 
receiver operation described above, the 
QUART incorporates a special mode which 
provides automatic “wakeup” of a receiver 
through address frame (or character) 
recognition for multi-processor or 
multi-station communications. This mode is 
selected by programming MR1[4:3] to ‘11’. 


In this mode of operation a ‘master’ station 
transmits an address character to the several 
‘slave’ stations on the line. The address 
character is identified by setting its parity bit 
to 1. The slave stations will usually have 
their receivers partially enabled as a result of 
setting MR1[4:3] to 11. When the receivers 
see a parity bit set to one they will load that 
character to the RxFIFO and set the RxRDY 
bit in the status register. The user would usu- 
ally set the receiver interrupt to occur on | 
RxRDY as well. (All characters whose parity 
bits are set to 0 will be ignored). The local 
processor at the slave station will read the 
‘address’ character just received. The master 
will normally follow an address character(s) 
with data characters. Since the data charac- 
ters transmitted by the master will have their 
parity bits set to zero, stations other than the 
addressed one(s) will ignore the data. 


A transmitted character consists of a start bit, 
the programmed number of data and stop bits 
and an “address/data” bit. The parity bit is used 
as the address or data indicator. The polarity 
of the A/D bit is selected by setting MR1[2] to 
zero or one; zero indicates that the current byte 
is data, while one indicates that the current byte 
is addresses. The desired polarity of the A/D bit 
(parity) should be programmed before the 
TxFIFO is loaded. . 


While in this mode, the receiver continuously 
looks at the received data stream, whether it 
is enabled or disabled. If disabled, it sets the 
RxRDY status bit and loads the character in 
the RxFIFO if the received A/D bit is a one, 
but discards the received character if the 
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received A/D bit is a zero. If enabled, all 
received characters are then transferred to . 
the CPU via the RxFIFO. In either case, the 
data bits are loaded in the data FIFO while 
the A/D bit is loaded in the status FIFO 
position normally used for parity error (SR[5)). 
Framing error, overrun error, and break detect 
operate normally whether or not the receiver 
is enabled. 


INPUT OUTPUT (I/O) PINS 

There are 16 multi-use pins; four for each 
UART. These pins are accessed andcontrolled 
via the Input Port Register (IPR), 1/O Port 
Control Register (IOPCR), Input Port Change 
Register (IPCR), and Output Port Register 
(OPR). They may be individually programmed 
to be inputs or outputs. 


/O0x and !/O1x pins have change of state 
detectors. The change of state detectors 
sample the input ports every 26.04us and set 
the change bit in the IPCR if the pin has 
changed since it was last read. Whether the 
pins are programmed as inputs or outputs the 
change detectors still operation and report 
changes accordingly. See the register 
descriptions of the I/O ports for the detailed 
use of these features. 


Interrupt Priority Logic 

The interrupt logic compares all active 
interrupts in the QUART, periodically 
selecting the highest priority interrupt for 
comparison to an Interrupt Threshold value. 
User programmabie register fields allow the 
system programmer to tailor which interrupt 
conditions are more important than others. 
Programmable interrupt priorities allow timely 
response to critical interrupts or simply allow 
a single CPU to service a greater number of 
interrupt situations than it could using more 
conventional methods. 


Overview 

The interrupt logic produces a numeric code 

that identifies the highest priority interrupt 

condition currently pending. This code is 

compared against a programmable Interrupt 

Threshold register which determines whether 

the IRQN pin is asserted. If the code is 

currently greater than the programmed value, 

IRQN is asserted. In the QUART there are 

18 interrupt sources: 

1. Four receiver data transfer/space filled 
functions 

2. Four receiver break detected conditions 

3. Four transmitter FIFO space available 
events 

4. Two counter timer interrupts 

5. Four change of state detectors 


Each interrupt source is enabled or disabled 
by the appropriate Interrupt Mask Register 
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(IMR) bit as Signetics UARTs have always 
been (the receiver timeout function is enabled 
by a bit in the new MRO register). Those 
interrupt sources that are enabled provide the 
interrupt priority logic with an 8 bit value, 
considered as an unsigned integer for 
purposes of this discussion. Those interrupt 
sources that are disabled do not provide a 
value to the arbitration logic. This can be 
accomplished by forcing an all zero value of 
by inhibiting the EVAL signal, described 
below, in the disabled interrupt sources. 


This integer (called a “bid” since each 
interrupt is vying for attention) is a 
concatenation of fixed fields and user 
programmable fields. The fixed fields are 
channel number, interrupt type and (for 
receiver and transmitter types) byte count 
values. During the “bid arbitration” process, 
all the bids from enabled sources are 
presented, simultaneously, to an internal 
Interrupt Bus. The bidding system and 
formats are discussed in more detail in the 
following sections. 


The interrupt arbitration logic insures that the 
interrupt with the numerically largest “bid” 
value will be the only source driving the 
Interrupt Bus at the end of the arbitration 
period. The winner must continue to drive 
the Interrupt Bus long enough to insure 
capture by the Interrupt Bus Latches. At the 
beginning of the next arbitration cycle, all 
“enabled bidders” drive their current values 
onto the Interrupt Bus. 


The value of the winning bid is compared to 
the Interrupt Threshold field of the Interrupt 
Control register which determines if an 
interrupt should be generated by asserting 
IRQN. Winning bids with values below the 
interrupt threshold do not generate an 
interrupt. — 


Priority Arbitration and Bidding 
Each of the five “types” of interrupts has 
slightly different “bid” value, as follows: 


Receivers 
rer Chan # 
3 1 | 1 


Transmitters 


Po taal [i] 0 Chans 


1 3 1 1 


Break Detect 
Programmable | 1 | 0 | 0 | Chan# 
1 2 


3 1 
Change of State 


os 





Programmable 0 ;0O] 1 | Chan# 
3 Ie chr al 
Counter/Timer 


Programmable | 0 | 1 | 0 | 1 | Chan# 


2 1 1 1 ~=1 
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Bits shown above as '0’ or ‘1’ are hard-wired 
inputs to the arbitration logic. Their presence 
allows determination of the interrupt type and 
they insure that no bid will have a value of all 
zeros (a condition that is indistinguishable 
from not bidding at all). They also serve to 
set a default priority among the 
non-receive/transmit types when the 
programmable fields are all zeros. 


The channel number always occupies the two 
LSBs. Inclusion of the channel number 
insures that a bid value generated will be 
unique and that a single “winner” will drive 
the Interrupt Bus at the end of the arbitration 
interval. The channel number portion of each 
UARTs bid is hard-wired with UARTa being 
channel number 0 and so forth. 


As can be seen above, bits 4:2 of the winning 
bid value can be used to identify the type of 
interrupt, including whether data was 
received correctly or not. Like the Channel 
number field, these bits are hard-wired for 
each interrupt source. 


The “# rev'd” and “# avail” fields indicate the 
number of bytes present in the receiver FIFO 
and the number of empty bytes in the 
transmitter FIFO, respectively. For both 
these fields, the count is one less than the 
actual number of bytes available. 


NOTE: When there are zero bytes in the 
receiver's FIFO, it does NOT bid. Similarly, a 
full transmitter FIFO makes NO bid. In the 
case where all bids have been disabled by 
the Interrupt Mask Register or as a result of 
their byte counts, the active-low Interrupt Bus 
will return FFh. This value always indicates 
no interrupt source is active and IRQN should 
be negated. 


The high order bit of the transmitter “bid” is 
always zero. An empty transmit FIFO is, 
therefore, fixed at a lower interrupt priority 
than a 5/8 full receive FIFO. Bit 4 ofa 
receiver bid is the Receiver Error Bit (RER). 
The RER is the OR of the parity, framing and 
overrun error conditions. The RER does little 
to modify the priority of receiver interrupts vs. 
transmitter interrupts. It is output to the 
Interrupt Bus to allow inclusion of good data 
vs. problem data information in the Current 
Interrupt Register. 


The high order bits of bids for received break, 
CoS (Change of State) and Counter/Timer 
events are all programmable. By 
programming ones in these fields, the 
associated interrupt source can be made 
more significant than most receiver and all 
transmitter interrupts. Values near zero in 
these fields makes them lower priority 
classes of interrupt. 
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As shown in Figure 2, the bid arbitration 
process is controlled by the EVAL/HOLDN 
signal derived from the oscillator clock. 


Receipt of an IACKN signal from the control 
processor latches the latest “winning bid” 
from the latched Interrupt Bus into the 
Current Interrupt Register (CIR). This logic is 
diagrammed in Figure 3. 


If the IACKN falling edge of Figure 1 occurs 
during EVAL time, the result from the last 
arbitration (captured by the Interrupt Bus 
latches) is stored in CIR. Otherwise, the next 
EVAL pulse is inhibited and the value in the 
Interrupt Bus Latches is stored in CIR. 


Clearing the Interrupt 

Activities which change the state of the ISR 
will cause the IRQN to assert or negate. In 
addition, the accessing of a global or local 
RxFIFO or TXFIFO reduces the associated 
byte count for transmitter and receiver data 
interrupts. If the byte count falls below the 
threshold value, the interrupt request is 
withdrawn. Other interrupt conditions are 
cleared as on previous Signetics UARTs. 


Once the interrupts is cleared or its byte 
count value is reduced by one of the methods 
listed above, a different bidder (or no bidder 
at all) will win the on-going arbitration. When 
the winning bid drops below the Interrupt 
Threshold Register’s value, the IRQN pin will 
negate. 


Interrupt Priority Arbitration 
Hardware 

The hardware that resolves which interrupt 
has the highest priority is shown conceptually 
in Figure 3. The rising edge of the EVAL 
signal begins an arbitration. All interrupt 
sources drive their “bid” onto the active-low 
Interrupt Bus. An open drain buffer is 
employed at each bit position. Interrupt 
sources that are not participating in the 
arbitration, i.e., those that are disabled, do 
not assert their Interrupt Bus drivers. 


Each interrupt source in the QUART has its 
own arbitration logic like that shown in Figure 
3. Note that a one in a bit of a bid value 
corresponds to a low on the Interrupt Bus line 
to low (1), the result is a low (1) on that 
Interrupt Bus bit regardless of what the other 
interrupt sources are doing with respect to 
that line. Thus each line acts as a wired OR. 


At each bit position, the arbitration logic 
compares the value of that bit of its bid value 
against the OR’d result on that bit of the 
Interrupt Bus. If it did not drive the line to 
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low, but the result on the interrupt bus line 
was low, the logic disables less significant 
bits, if any, from driving the interrupt bus. In 
effect, the logic of all the active interrupt 
sources acts together as a combinatorial 
network to determine the highest priority 
active interrupt. This network is best 
understood as acting from the most 
significant bit of the interrupt bus, in 
sequence down to the least significant bit. 
After a suitable settling time, the value on the 
interrupt bus reflects the numerically highest 
bid value among the active interrupt sources. 
However, while the overall logic network is 
settling, the logic at what what proves to be 
the final winning interrupt source may find 
itself temporarily losing at some of the less 
significant bits. 


The winning value is captured on the trailing 
edge of EVAL; the pulse with of EVAL must 
be long enough for a worst-case combination 
of bid values to resolve. 


Arbitration - Aftermath 

At the end of the arbitration, i.e., the falling 
edge of EVAL, the winning interrupt source is 
driving its Channel number, number of bytes 
(if applicable) and interrupt type onto the 
Interrupt Bus. These values are captured 
into a latch by the trailing edge of EVAL. The 
output of this latch is used by the Interrupt 
Threshold comparator; the winning value is 
captured into another set of latches called the 
Current Interrupt Register (CIR) at the time of 
an Interrupt Acknowledge cycle. 


The Current Interrupt Register and 
associated read logic is shown in Figure 3. 
Interrupting channel number and the three bit 
interrupt type code are readable via the 
Internal Data Bus. 


The contents of the appropriate receiver or 
transmitter byte “counter”, as captured at the 
time of IACKN assertion, make up bits 7:5 of 
the CIR. If the interrupt type stored in the 
Current Interrupt Register is not a receiver or 
transmitter data transfer type, the CIR[7:5] 
field is read as the programmable fields of 
their respective bid formats. 


The buffers driving the CIR to the DBUS also 
provide the means of implementing the 

Global Interrupting Channel and Global Byte 
Count Registers, described in a later section. 


The winning bid channel number and 
interrupt type fields can also be used to 
generate part of the Interrupt Acknowledge 
(IACK) Vector, as defined by the Interrupt 
Control Register. 


Philips Components—Signetics Data Communication Products 


Preliminary Specification 





Quad universal asynchronous receiver/transmitter 


(QUART) 


interrupt Context 

The channel number of the winning “bid” is 
used by the address decoders to provide 
data from the interrupting UART channel via 
a set of Global pseudo-registers. The 
interrupt Global pseudo-registers are: 


1. Global Interrupting Byte Count 

2. Global Interrupting Channel 

3. Global Receive Holding Register 
4. Global Transmit Holding Register 


The first two Global “registers” are provided 
by Current Interrupt Register fields as shown 
in Figure 3. The interrupting channel number 
latched in CIR modifies address decoding so 
that the Receive or Transmit Holding 
Register for the interrupting channel is 
accessed during !/O involving the Global 
Receive and Transmit Holding Registers. 
Similarly, for data interrupts from the 
transmitter and receiver, the number of 
characters available for transfer to the CPU 
or the number of transmit FIFO positions 
open is available by reading the Global 
Interrupt Byte Count Register. For non-data 
interrupts, a read of the Global Interrupt Byte 
Count Register yields an undefined value. 


In effect, once latched by an IACK, the 
winning interrupt channel number determines 
the contents of the global registers. All 
Global registers will provide data from the 
interrupting UART channel. 


Interrupt Threshold Calculation 
The state of IRQN is determined by 
comparison of the winning “bid” value to the 
Interrupt Threshold field of the Interrupt 
Control Register. 


The logic of the bidding circuit is such that 
when no interrupt source has a value greater 
than the interrupt threshold then the interrupt 
is not asserted and the CIR (Current Interrupt 
Register) is set to all ones. When one or 
more of the 18 interrupt sources which are 
enabled via the IMR (Interrupt Mask Register) 
exceed the threshold then the interrupt 
threshold is effectively disconnected from the 
bidding operation while the 18 sources now 
bid against each other. The final result is that 
the highest bidding source will disable all 
others and its value will be loaded to the CIR 

_and the IRON pin asserted low. This all 
occurs during each cycle of the X1,X2 crystal 
clock. 


Interrupt Note on 26C94. 

For the receivers and transmitters, the 
bidding of any particular unit may be held off 
unless one of four FIFO fill levels is attained. - 
This is done by setting the RxINT and TxINT 
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bits in MRO and MR1 to non-zero values. 
This may be used to prevent a receiver or 
transmitter from generating an interrupt 
eventhough it is filled above the bid 
threshold. Although this is not in agreement 
with the idea that each enabled interrupt 
source bid withe qual authority, it does allow 
the flexibility of giving particular receiver or 
transmitters more interrupt importance than 
others. 


Receiver interrupt fill level. 


MRO[6} MR1[6] Interrupt Condition 


0 0 1 or more bytes in FIFO 
(Rx RDY) default 

0 1 3 or more bytes in FIFO 

1 0 6 or more bytes in FIFO 

1 1 8 or more bytes in FIFO 


(Rx FULL) 


MRO[5:4] — Tx interrupt fill level. 


MRO[5] MRO[4] Interrupt Condition 
0 0 8 bytes empty 

(Tx EMPTY) default 

0 1 4 or more bytes empty 

1 0 6 or more bytes empty 

1 1 1 or more bytes empty 


(Tx RDY) 


Vectored Interrupts 

The QUART responds to an Interrupt 
Acknowledge (IACK) initiated by the host 
MCU by providing an Interrupt Acknowledge 
Vector on D7:0. The interrupt acknowledge 
cycle is terminated with a DACKN pulse. The 
vector provided by the QUART can have one 
of the three forms under control of the IVC 
control field (bits 1:0 of the Interrupt Control 
Register): 


With IVC = 00 (IVR onl 
IVR7:0 


8 


With IVC = 01 (channel number 
IVR7:2 


6 2 


With IVC = 10 (type & channel number) 


VATS 


3 3 2 


A code of 11 in the Interrupt Vector Control 
Field of the ICR results in NO interrupt vector 
being generated. The external data bus will 
be held in a high impedance state throughout 
the IACK cycle. A DACKN will be generated 
normally for the IACK cycle, however. 
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REGISTERS 

The operation of the QUART is programmedby 
writing control words into the appropriate 
registers. Operational feedback is provided via 
status registers which can be read by the CPU. 
Addressing of the registers is described in 
Table 1. 


The bit formats of the QUART registers are 
depicted in Table 2. 


MRO — Mode Register 0 

Mode Register 0 (MRO) is part of the VART 
configuration registers. It controls the watch 
dog timer and the encoding of the number of 
characters received in the RxFIFO. The 
lower four bits of this register are not 
implemented in the hardware of the chip. 
MRO should be set to only 80h or 00h. A 
read of this register will return 1111 (Fh) in the 
lower four bits. See note in Interrupt 
Threshold Calculation. 


The MRO register is accessed by setting the 
MR Pointer to zero (0) via the command 
register command 1011 (Bh). 


MRO[7]: This bit enables or disables the 
RxFIFO watch dog timer. 

MRO[7] = 1 enable timer 

MRO[7] = 0 disable timer 

MRO[6:4]: These bits should always be set to 
zero. 

MRO{[3:0]: These bits are not implemented in 
the chip. They could be used to control 
hardware external to the chip. 


MR1 — Mode Register 1 

MR1 is accessed when the MR pointer points 
to MR1. The pointer is set to MR1 by RESET 
or by a set pointer command applied via the 
CR. After reading or writing MR1, the pointers 
are set at MR2. 


MR1[7] — Receiver Request-to-Send 
Control 

This bit controls the deactivation of the RTSN 
output (MPO) by the receiver. This output is 
manually asserted and negated by 
commands applied via the command register. 
MR1[7] = 1 causes RTSN to be automatically 
negated upon receipt of a valid start bit if the 
receiver FIFO is full. RTSN is re-asserted 
when an empty FIFO position is available. 
This feature can be used to prevent overrun 
in the receiver by using the RTSN output 
signal to control the CTS input of the 
transmitting device. 


MR1[6] — Receiver Interrupt Select 1 
This bit is reserved and should be set to 0. 
See note in Interrupt Threshold Calculation. 
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MR1[5] — Error Mode Select 

This bit selects the operating mode of the 
three FiFOed status bits (FE, PE, received 
break). In the character mode, status is pro- 
vided on a character-by-character basis; the 
status applies only to the character at the top 
of the FIFO. In the block mode, the status pro- 
vided in the SR for these bits is the accumula- 
tion (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the 
last reset error command was issued. 


MR1[4:3] — Parity Mode Select 

If ‘with parity’ or ‘force parity’ is selected, a 
parity bitis added to the transmitted character 
and the receiver performs a parity check on 
incoming data. MR1[4:3] = 11 selects the 
channel to operate in the special wake-up 
mode. 


MR1[2] — Parity Type Select 

This bit selects the parity type (odd or even) 
if the ‘with parity’ mode is programmed by 
MR 1[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. 
It has no effect if the ‘no parity’ mode is pro- 
grammed. In the special ‘wake-up’ mode, it 
selects the polarity of the transmitted A/D bit. 


MR1[1:0] — Bits Per Character Select 
This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, 
parity, and stop bits. 


MR2 — Mode Register 2 

MR2 is accessedwhen the channel MR point- 
er points to MR2, which occurs after any ac- 
cess to MR1. Accesses to MR2 do not 
change the pointer. 


MR2[7:6] — Mode Select 


The QUART can operate in one of four 

modes. MR2[7:6] = 00 is the normal mode, 

with the transmitter and receiver operating in- 

dependently. MR2[7:6] = 01 places the chan- 

nel in the automatic echo mode, which auto- 

matically retransmits the received data. The 

following conditions are true while in automat- 

ic echo mode: 

1. Received data is re-clocked and 
retransmitted on the TxD output. 

2. Thereceive clockis used for the transmit- 
ter. 

3. The receiver must be enabled, but the 
transmitter need not be enabled. 

4. The TxXRDY and TxEMT status bits are in- 
active. 

5. The received parity is checked, but is not 
regenerated for transmission, i.e., trans- 
mitted parity bit is as received. 
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Table 2. Register Bit Formats 


ein7 fers jets [ere fens jen2  [eits [eco 





MRO (Mode Register 0) 








These bits not implemented. May be 
used for external control 
(Reserved for future upgrades) 









oe TxINT Control 





MR1 (Mode Register 1) 


RxRTS RxINT1 Error : Parity ; 


Always 


00 = With parity 

1 = Block | 01 = Force parity 
10 = No parity 
11 = Special mode 


set to 0 


—_===- OO 
-~OoO-0 
Wom ab 
BND MN 





MR2 (Mode Register 2) 


TxRTS CTS 
Channel Mode Enable Tx 


00 = Normal 

01 = Auto-echo 
10 = Local loop 
11 = Remote loop 


NOTE: 
Add 0.5 to values shown above for 0-7, if channel is programmed for 5 bits/char. 


CSR (Clock Select Register) 


Receiver Clock Select Transmitter Clock Select 


CR (Command Register) 


Nisedlinnenus Commands Disable Enable Disable Enable 
Tx Tx Rx Rx 
See text 0=No 0 =No 0=No 0=No 
ee tex 1 = Yes 


1 = Yes 1 = Yes 1 = Yes 
SR (Status Register) 


Rec’d. | Framing | Parity 


Stop Bit Length* 


0 =0.563 4=0.813 
1 = 0.625 5 = 0.875 
2 = 0.688 6 = 0.938 
3 = 0.750 7 = 1.000 


How tf it 


1 
1 
1 
1 


Orono 











NOTE: 

These status bits are appended to the corresponding data character in the receive FIFO. A read 
of the status register provides these bits [7:5] from the top of the FIFO together with bits [4:0]. 
These bits are cleared by a reset error status command. In character mode, they must be reset 
when the corresponding data character is read from the FIFO. 
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Two diagnostic modes can also be selected. 
MR2[7:6] = 10 selects local loopback mode. 
In this mode: 
1. The transmitter output is internally con- 
nected to the receiver input. 
. The transmit clock is used for the receiver. 
. The TxD output is held high. 
. The RxD input is ignored. 
. The transmitter must be enabled, but the 
receiver need not be enabled. 
6. CPU to transmitter and receiver commu- 
nications continue normally. 


Or & GW P 


The second diagnostic mode is the remote 
loopback mode, selected by MR2[7:6] = 11. 
In this mode: 

1. Received data is  re-clocked and 
retransmitted on the TXD output. 

2. The receive clock is used for the 
transmitter. 

3. Received data is not sent to the local 
CPU, and the error status conditions are 
inactive. 

4. The received parity is not checked and is 
not regenerated for transmission, i.e., the 
transmitted parity bit is as received. 

5. The receiver must be enabled, but the 
transmitter need not be enabled. 

6. Character framing is not checked, and the 
stop bits are retransmitted as received. 

7. Areceived break is echoed as received 
until the next valid start bit is detected. 


When switching in and out of the various 
modes, the selected mode is activated at the 
completion of all transmitted and received 
characters. Likewise, ifamode is deselected, 
the.device will switch out of the mode at the 
completion of all transmit and/or receive 
characters. 


MR2[5] — Transmitter Request-to—Send 
Control 

This bit controls the deactivation of the RTSN 
output (MPO) by the transmitter. This output is 
manually asserted and negated by appropriate 
commands issued via the command register. 
MR2[5] = 1 causes RTSN to be reset automati- 
cally one bit time after the characters in the 
transmit shift register andin the TxFIFO (if any) 
are completely transmitted (includes the pro- 
grammed number of stop bits if the transmitter 
is notenabled). This feature can be used to au- 
tomatically terminate the transmission as fol- 
lows: 


. Program auto-reset mode: MR2[5] = 1. 

. Enable transmitter. 

. Assert RTSN via command. 

. Send message. 

. Verify the next to last character of the mes- 
sage is being sent by waiting until transmit- 
ter ready is asserted. Disable transmitter 
after the last character of the message is 
loaded in the TxFIFO. 
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Table 2. 


Register Bit Formats (Continued) 


er [aie [ous Jove [ora Joes [ont [oe 


ACR (Auxiliary Control Register) 






IPCR (Input Port Change Register) 


0=No 
1 = Yes 


0=No 
1 = Yes 


0=No 
1 = Yes 


0 = No 
1 = Yes 


ISR (Interrupt Status Register) 


0 =No 
1 = Yes 


0=No 
1 = Yes 


0=No 
1 = Yes 


0=No 
1 = Yes 








IMR (Interrupt Mask Register) 


10 Port 
Change 
INT | 


0 = off 
1=on 


RxRDY/ 
BREAKb | FFULLb | 


INT 
0 = off 
t=on 


0 = off 
CTUR (Counter/Timer Upper Register) 


TxRDYb 
INT 


1=on 


BRG Set Counter/Timer Delta Delta Delta 
Select Mode and Source lOib 100b lO1a 
= set 1 





Delta Delta Delta Delta 
101b 100b 1O1a 00a 





10 Port Delta RxRDY/ Counter Delta RxRDY/ 
Eee FFULLb | 'XRDVb oe lene FFULLa | '*RDYa 





Counter 
Ready 





0 = off 0 = off 
1=on {1 =on 







Delta 

100a 
0 = off 0 = off 
1=on 1=on 


0 =off 
1=on 


0 = off 
1=on 


0 = Low 
1 = High 


0 = Low 
1 = High 


0 = Low 
1 = High 


0 = Low 
1 = High 








0 =No 
1 = Yes 


0 =No 0=No 


1 = Yes 


0=No 
1 = Yes 





RxRDY/ 
FFULLa 
INT 


0 =off 
1 =on 


TxRDYa 
INT 


‘0 = off 
1=on 


INT 


0=off 
1=on 


ee le eee ee ee ee el 





CTLR (Counter/Timer Lower Register) 







IPR (Input Port Register) 


0 = Low 
1 = High 





6. The last character will be transmitted and 
RTSN will be reset one bit time after the last 
Stop bit. 


MR2[4] — Clear-to-Send Control 

The sate of this bit determines if the CTSN input 
(lO) controls the operation of the transmitter. If 
this bitis 0, CTSN has no effect on the transmit- 
ter. If this bit is a 1, the transmitter checks the 
sate of CTSN each time it is ready to senda 
character. If it is asserted (Low), the character 
is transmitted. If it is negated (High), the TxD 
output remains in the marking state and the 
transmission is delayed until CTSN goes Low. 
Changes in CTSN, while a character is being 
transmitted do not affect the transmission of 
that character. This feature can be used to pre- 
vent overrun of a remote receiver. 
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Pe Nt ee ee ce Nace fi ene ee et Ae eee 


[wos [om | om | om | om | om [om [ome 


O=Low | 0=Low | 0=Low | 0=Low | O=Low | 0=Low 
1=High | 1=High | 1=High | 1=High | 1=High | 1 =High 









0 = Low 
1 = High 


MR2[3:0] — Stop Bit Length Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 1—9/16 to 2 bits, inincre- 
ments of 1/16 bit, can be programmed for char- 
acter lengths of 6, 7, and 8 bits. For a character 
length of 5 bits, 11/16 to 2 stop bits can be pro- 
grammedin increments of 1/16 bit. In all cases, 
the receiver only checks for a mark condition at 
the center of the first stop bit position (one bit 
time after the last data bit, or after the parity bit 
if parity is enabled). If an external 1X clock is 
used for the transmitter, MR2[3] = 0 selects one 
stop bit and MR2[3] = 1 selects two stop bits to 
be transmitted. 
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CSR — Clock Select Register 
CSR[7:4] — Receiver Clock Select 


When using a 3.6864MHz crystal or external 
clock input, this field selects the baud rate clock 


for the receiver as shown in Table 3. 


Table 3. 


CSR[7:4] 


Baud Rate 


0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


011 
100 
1014 
110 
111 
000 
00 1 
010 
011 
100 
101 
110 
111 


CR — Command Register 


CR is used to write commands to the Octal 


UART. 


CR[7:4] — Miscellaneous Commands 


The encoded value of this field can be used to 


specify a single command as follows: 


0000 
0001 


0010 


0011 


0100 


0101 


No command. 


Reset MR pointer. Causes the MR 
pointer to point to MR1. 


Reset receiver. Resets the receiv- 
er as if a hardware reset had been 
applied. The receiver is disabled 
and the FIFO pointer is reset to the 
first location. 

Reset transmitter. Resets the 
transmitter as if a hardware reset 
had been applied. 


Reset error status. Clears the 
received break, parity error, 
framing error, and overrun error 
bits in the status register (SR[7:4]}. 
Used in character mode to clear 
OE status (although RB, PE, and 
FE bits will also be cleared), and in 
block mode to clear all error status 
after a block of data has been 
received. 


Reset break change _ interrupt. 
Causes the break detect change 
bit in the interrupt status register 
(ISR[2 or 6]) to be cleared to zero. 
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The receiver clock is always a 16X clock, ex- 
cept for CSR[7:4] = 1111. }O2x is external input. 


CSR[3:0] — Transmitter Clock Select 
This field selects the baud rate clock for the 
transmitter. The field definition is as shown in 


Test 3 =0 


ACR{7] = 0 ACR{[7] = 1 ACR{[7] = 0 
50 75 50 


0110 Start break. Forces the TxD output 
low (spacing). If the transmitter is 
empty, the start of the break condi- 
tion will be delayed up to two bit 
times. If the transmitter is active, 
the break begins when transmis- 
sion of the character is completed. 
lf a character is in the TxFIFO, the 
start of break is delayed until that 
character or any others loaded af- 
ter it have been transmitted 
(TxEMT must be true before break 
begins). The transmitter must be 
enabled to start a break 


Stop break. The TxD line will go 
high (marking) within two bit times. 
TxD will remain high for one bit 
time before the next character, if 
any, is transmitted. 

Assert RTSN. Causes the RTSN 
output to be asserted (Low). 


Negate RTSN. Causes the RTSN 
output to be negated (High). 


Set Timeout Mode On. The regis- 
ter in this channel will restart the C/ 
T as each receive character is 
transferred from the shift register 
to the RxFIFO. The C/T is placed 
in the counter mode, the START/ 
STOP counter commands are dis- 
abled, the counter is stopped, and 
the Counter Ready Bit, ISR[3], is 
reset. 


1011 Reserved. 


0111 


1000 


1001 


1010 
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Table 3, except as follows: 


CSR[3:0] ACR[7]=0  ACR[7]=1 
1110 lO3x—16X  1O3x — 16X 
11141 lO3x — 1X lO3x — 1X 


Test3=1 





1100 Disable Timeout Mode. This com- 


mand returns control of the C/T to 
the regular START/STOP counter 
commands. It does not stop the 
counter, or clear any pending inter- 
rupts. After disabling the timeout 
mode, a ‘Stop Counter’ command 
should be issued. 
1101 Set MR pointer to 0. 


111x Reserved for testing. 


CR[3] — Disable Transmitter 

This command terminates transmitter opera- 
tion and resets the TxRDY and TxEMT status 
bits. However, if a character is being trans- 
mitted or if a character is in the TxFIFO when 
the transmitter is disabled, the transmission of 
the character(s) is completed before assuming 
the inactive state. 


CR[2] - Enable Transmitter 
Enables operation of the transmitter. The 
TxRDY status bit will be asserted. 


CR[1] — Disable Receiver 

This command terminates operation of the 
receiver immediately — a character being 
received will be lost. The command has no 
effect on the receiver status bits or any other 
control registers. If the special wake-up mode 
is programmed, the receiver operates even if it 
is disabled (see Wake-up Mode). 
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CR[0] — Enable Receiver 

Enables operation of the receiver. If not in the 
special wake-up mode, this also forces the 
receiver into the search for start bit state. 


SR — Channel Status Register 


SR[7] - Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received; further 
entries to the FIFO are inhibited until the RxDA 
line returns to the marking state for at least 
one-half bit time (two successive edges of the 
internal or external 1x clock). 


When this bit is set, the change in break bit in 
the ISR (ISR[6 or 2]) is set. ISR[6 or 2] is also 
set when the end of the break condition, as 
defined above, is detected. The break detect 
circuitry is capable of detecting breaks that 
Originate in the middle of a received character. 
However, if a break begins in the middle of a 
character, it must last until the end of the next 
character in order for it to be detected. 


SR[6] — Framing Error (FE) 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 


SR[5]- Parity Error (PE) 

This bit is set when the ‘with parity’ or ‘force 
parity’ mode is programmed and_ the 
corresponding character in the FIFO was 
received with incorrect parity. In special 
‘wake-up mode’, the parity error bit stores the 
received A/D bit. 


SR[4] - Overrun Error (OE) 

This bit, when set, indicates that one or more 
characters in the received data stream have 
been lost. It is set upon receipt of a new 
character when the FIFO is full and a character 
is already in the receive shift register waiting for 
an empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error 
Status, if any) is lost. This bit is cleared by a 
reset error status command. 


SR[3] — Transmitter Empty (TxEMT) 

This bit will be set when the transmitter under- 
runs, i.e., both the transmit holding register and 
the transmit shift register are empty. This bit 
and TxRDY are set when transmitter is first en- 
abled after a disable transmitter command or 
reset. 
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Itis set after transmission of the last stop bit of 
a character, if no character is in the TxFIFO 
awaiting transmission. Itis reset when the TxFI- 
FO is loaded by the CPU, or when the transmit- 
ter is disabled. 


SR[2] — Transmitter Ready (TxRDY) 

This bit, when set, indicates that the TxFIFO is 
ready to be loaded with a character. This bit is 
cleared when the TxFIFO is full and is set when 
the character is transferred to the transmit shift 
register. TXRDY is reset when the transmitter is 
disabled and is set when the transmitter is first 
enabled, e.g., characters loaded in the TxFIFO 
while the transmitter is disabled will not be 
transmitted. 


SR[1] — FIFO Full (FFULL) 

This bit is set when a character Is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, |.e., all eight FIFO positions are occu- 
pied. It is reset when the CPU reads the FIFO 
and there is no character in the receive shift 
register. If a character is waiting in the receive 
shift register because the FIFO is full, FFULLis 
not reset after reading the FIFO once. 


SR[0] — Receiver Ready (RxRDY) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. It is set when the character is trans- 
ferred from the receive shift register to the FIFO 
and reset when the CPU reads the RxFIFO, 
and no more characters are in the FIFO. 


ACR - Auxiliary Control Register 


ACR[7] — Baud Rate Generator Set Select 
This bit selects one of two sets of baud rates 
generated by the BRG. 


Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

Set 2: 75, 110, 150, 300, 600, 1.2k, 1.8k, 


2.0k, 2.4k, 4.8k, 9.6k, 19.2k, and 
38.4k baud. 


The selected set of rates is available for use by 
the receiver and transmitter. 


ACR{[6:4] — Counter/Timer Mode and Clock 
Source Select 

This field selects the operating mode of the 
counter/timer and its clock source (see Table 
4). 
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Table 4. ACR[6:4] C/T Clock 


and Mode Select 
Clock Source 


Counter 
Counter 
Counter 


IO pin 

IO pin divided by 16 
TxC—1X clock of the 
transmitter A or C 
Crystal or external 
clock (X1/CLK) 


Counter 


divided by 16 

IO pin 

IO pin divided by 16 
Crystal or external 
clock (X1/CLK) 
Crystal or external 
clock (X1/CLK) 
divided by 16 


Timer 
Timer 
Timer 


Timer 


ACR{[3:0] —101b, lO0b, lO1a, 1O0a 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register, ISR[7], to be 
set. If a bit is in the ‘on’ state, the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. If a bit 
is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7:4] —101b, lOOb, 1O1a, lO0a 
Change-of-State 

These bits are set when a change of state, as 
defined in the Input Port section of this data 
sheet, occurs at the respective pins. They are 
cleared when the IPCR is read by the CPU. A 
read of the IPCR also clears ISR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to gen- 
erate an interrupt to the CPU. 


IPCR[3:0] —101b, lOOb, 1O1a, 1O0a 
Change-of-State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the inputs pins at the 
time the IPCR is read. 


ISR — Interrupt Status Register 
This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the interrupt mask register 
(IMR). If a bit in the ISR is a ‘1’ and the corre- 
sponding bit in the IMR is also a ‘1’, the INTRN 
output is asserted (Low). If the corresponding 
bit in the IMR is a zero, the state of the bit in the 
ISR has no effect on the INTRN output. Note 
that the IMR does not mask the reading of the 
ISR; the true status is provided regardless of 
the contents of the IMR. 
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ISR[7] — |O Change-of-State 

This bit is set when a change-of-state occurs at 
the 1O1b, l|O0b, lO1a, |OOa input pins. It is reset 
when the CPU reads the IPCR. 


ISR[6] — Channel b Change in Break 

This bit, when set, indicates that the receiver 
has detected the beginning or the end of a 
received break. Itis reset when the CPU issues 
a reset break change interrupt command. 


ISR[5] — Receiver Ready or FIFO Full 
Channel b 

The function of this bit is programmed by 
MR 1(6]. lf programmed as receiver ready, it in- 
dicates that a character has been received and 
is waiting in the FIFO to be read by the CPU. It 
is set when the character is transferred from the 
receive shift register to the FIFO and reset 
when the CPU reads the receiver FIFO. If the 
FIFO contains more characters, the bit will be 
set again after the FIFO is read. 


If programmed as FIFO full, it is set when a 
character is transferred from the receive hold- 
ing register to the receive FIFO and the transfer 
causes the FIFO to become full, i.e., all three 
FIFO positions are occupied. It is reset when 
FIFO is read and there is no character in the re- 
ceiver shift register. If there is a character wait- 
ing in the receive shift register because the 
FIFO is full, the bit is set again when the waiting 
character is transferred into the FIFO. 


ISR[4] — Transmitter Ready Channel b 
This bit is a duplicate of TXRDY (SR[2)}). 


ISR[3] — Counter Ready 

In the counter mode of operation, this bit is set 
when the counter reaches terminal count and 
is reset when the counter is stopped by a stop 
counter command. Itis initialized to ‘0’ when the 
chip ts reset. 


In the timer mode, this bit is set once each cycle 
of the generated square wave (every other time 
the C/T reaches zero count). The bit is reset by 
a stop counter command. The command, how- 
ever, does not stop the C/T. 


ISR[2] - Channel a Change in Break 

This bit, when set, indicates that the receiver 
has detected the beginning or the end of a re- 
ceived break. It is reset when the CPU issues 
a reset break change interrupt command. 


ISR[1] - Receiver Ready or FIFO Full 
Channel a 

The function of this bit is programmed by 
MR1[6]. If programmed as receiver ready, it in- 
dicates that a character has been received and 
is waiting in the FIFO to be ready by the CPU. 
It is set when the character is transferred from 
the receive shift register to the FIFO and reset 
when the CPU reads the receiver FIFO. If the 
FIFO contains more characters, the bit will be 
set again after the FIFO is read. If programmed 


November 12, 1990 


as FIFO full, itis set when a character is trans- 
ferred from the receive holding register to the 
receive FIFO and the transfer causes the FIFO 
to become full, i.e., all three FIFO positions are 
occupied. It is reset when FIFO is read and 
there is no character in the receiver shift regis- 
ter. If there is a character waiting in the receive 
shift register because the FIFO is full, the bit is 
set again when the waiting character is trans- 
ferred into the FIFO. 


ISR[0] — Transmitter Ready Channel a 
This bit is a duplicate of TxRDY (SR[2]). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR cause an interrupt output. If a bit 
in the ISR is a‘1’ and the corresponding bit in 
the IMR is a ‘1’, the INTRN output is asserted 
(Low). If the corresponding bit in the IMR is a 
zero, the state of the bit in the ISR has no effect 
on the INTRN output. Note that the IMR does 
not mask reading of the ISR. 


CTUR and CTLR — Counter/Timer 
Registers 

The CTUR and CTLR hold the eight MSBs and 
eightLSBs, respectively, of the value to be used 
by the counter/timer in either the counter or 
timer modes of operation. The minimum value 
which may be loaded into the CTUR/CTLR 
registers is H‘0002’. Note that these registers 
are write-only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
C/T generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR or CTLR is 
changed, the current half-period will not be 
affected, but subsequent half-periods will be. 
The C/T will not be running until it receives an 
initial ‘Start Counter’ command (read at 
address A3-A0 = 1110). After this, while in 
timer mode, the C/T will run continuously. 
Receipt of a subsequent start counter 
command causes the C/T to terminate the 
current timing cycle and to begin a new cycle 
using the values in the CTUR and CTLR. 


The counter ready status bit (ISR[3]) is set once 
each cycle of the square wave. The bit is reset 
by a stop counter command read with A3—A0 = 
H'F’). The command, however, does not stop 
the C/T. The generated square wave is output 
on an IO pin if it is programmed to be the C/T 
output. 


In the counter mode, the C/T counts down the 
number of pulses loadedin CTURand CTLR by 
the CPU. Counting begins upon receipt of a 
Start counter command. Upon reaching the 
terminal count H‘0000', the counter ready 
interrupt bit (ISR[3]) is set. The counter 
continues counting past the terminal count until 
stopped by the CPU. If lO is programmed to be 
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the output of the C/T, the output remains High 
until the terminal count is reached, at which 
time it goes Low. The output returns to the High 
state and ISR[3] is cleared when the counter is 
stopped by a stop counter command. The CPU 
may change the values of CTUR and CTLR at 
any time, but the new count becomes effective 
only on the next start counter commana. If new 
values have not been loaded, the previous 
values are preserved and used for the next 
count cycle. 


In the counter mode, the current value of the 
upper and lower eight bits of the counter (CTU, 
CTL) may be read by the CPU. It is 
recommended that the counter be stopped 
when reading to prevent potential problems 
which may occur if a carry from the lower eight 
bits to the upper eight bits occurs between the 
times that both halves of the counter is read. 
However, note that a subsequent start counter 
commandwill cause the counter to begin anew 
count cycle using the values in CTUR and 
CTLR. 


I/O LOGIC 

Another difference between the QUART and 
most other Signetics UART products is that 
the QUART has four pins for each channel 
which can be inputs or outputs, while 
previous Signetics UART devices have 
varying number of fixed-direction input pins 
and output pins. 


IPR (for DUART ab) 
3b | 2b | 3a | 2a | 1b] ob | ta | 0a | 
1 1 1 1 1 1 1 1 


The state of all eight pins for each DUART 
can always be read via the IPR. 


IPCR (for DUART ab) 


pA ORB let AOR 16206 ta: |-02)) 
1 1 1 1 1 1 1 1 


IPR and IPCR are analogous to registers of 
the same name in the SCC 2698. 


IOPCR (for DUART ab) 


2 2 2 2 


The configuration of I/O pins as inputs or 
outputs in each UART channel is controlled 
by a register called IOPCR (I/O Port Control 
Register). This register generally replaces 
the OPCR (Output Port Control Register) of 
previous Signetics UARTs. The coding of the 
IOPCR control fields is shown in Figure 4. 


OPR (for DUART ab) 


_3b | 2b | 3a | 2a | 1b 0b | ta | 0a | 
1 1 1 1 1 1 1 1 


For I/O pins that are selected for output port 
control in IOPCR, this register controls their 
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state. The OPRs are read/write at address 


OCh and 1Ch. Read/write output registers 
optimize the changing of some bits without 
affecting the state of other bits in the register. 


to be inputs upon reset. Each UART channel 
has two inputs, 100 and 101, that are 
equipped with change detection. The ACR 
(Auxiliary Control Register) controls interrupt 


generation by change of state of these inputs. 
ACR(0] enables change of state interrupt on 
|O0a, ACR[1] on lO1a, ACR[2] on IO0b and 
ACR{[3] on lO1b. 


Each of a channel's 4 I/O lines are configured 


IOPCR Control of 103:0 Pins for Each Channel 


lIOPCR5 IOPCR4 = IOPCR3 l\OPCR2 


102x Control 1O01x Control 

00 = GPI or RxC in 00 = (Note 2) 
01 = OPR2 (Note 1) 01 = OPR1 out 

10 = RxC1X out 10 = (Note 3) 
11 = RxC16X out 11 = RxC1X out 


lIOPCR7 IOPCR6 


103x Control 
00 = GPI or TxC in 
01 = OPR3 out 
10 = TxC16X out 
11 = TxC1X out 


IOPCR1 - IOPCRO 


100x Control 
00 = GP! or CTS in 
01 = OPRO out 
10 = TxC 1X out 
11 = TxC16X out 


Note 1: Bit 2 of the OPR is the Request to Send function that is affected by the Assert and Negate RTS commands 
in CRA or CRB, and by the TxRTS feature if MR2x5 is 1, as well as by writing OPR. The RxRTS function, which is 
activated if MR1x7 is 1, does not affect OPR2 but merely blocks the output signal whenever the Rx FIFO is full. 


Note 2: As for the other three pins, a 00 value in this field makes the 101 pin an input. 101 can always be used as 
a General Purpose Input (GPI). 1O1a and |O1c can be used as CT! depending on how ACR6:4 is programmed. If 
OPCR7‘6 is not 00, 101 can be used as TxC depending on how CSRx3:0 is programmed. . 


Note 3: A 10 value in this field makes !01b and 1O1d output the CTO signal, and makes 1O1a and |O1c output 


RxC 16x. 


QUART REGISTERS vs 2698B 

As shown in Table 1, registers present in the 
SCC2698's first four channels are present in 
the QUART. Furthermore, they retain the 
same addresses and functionally that they 
possess in the 2698. Thus, the QUART is 
compatible with existing software except for 
the multi-purpose I/O and some interrupt 
related functions. 


Revised Formats for Existing 
Registers 

The function of bit 6 of the MR1 register 
(RxINT Select) has been superseded by the 
new interrupt priority logic. This bit is now 
reserved. | 


The ACR has analogous but slightly different 
functions for bits 3:0 as described in the I/O 
Logic section. 


The new format of the |OPCR, shown above, 
does not provide for the power down bit. The 
power down function is now set by a write to 
QUART address 24H; power up is a write to 
address 25H. 


New Registers Required 
Current Interrupt Register (CIR) 


3 3 2 
The Channel # field indicates which of the 
four UARTs has the highest priority interrupt 
currently outstanding, while the Type field 
indicates its source within the UART. The 
Type field is encoded as follows: 
000 No Interrupt 
001 Change of State 
x10 Transmit available 
011 Receive available, no error 
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100 Receiver break change 

101 Counter/Timer 

111. Receive available, w/errors 

With Type = x11, the # Bytes field indicates 
the count of received bytes available for 
reading, while with Type = x10 it indicates the 
number of bytes that can be written to the 
transmit FIFO. With Type = x0x, the # Bytes 
field is undefined. | 

The CIR is Read only at address 28H. 


Global Interrupt Byte Count (GIBC) 


00000 


5 3 


The GIBC is not an actual register but simply 
outputs the interrupting UART's transmit or 
receive byte counter value. The count, 
accurate at the time IACKN asserts, is 
captured in the CIR. The high order 5 bits 
are read as ‘0’. The GIBC is read only at 
address 2AH. 


Global Interrupt Byte Count (GIBC) 


8 


Like the GIBC,, no physical register 
implementation exists. The correct receiver's 
FIFO is popped based on the value of the 
interrupting channel field of the Current 
Interrupt Register. 

If a receiver is not the cause of the current 
interrupt, a read of the Global RxFIFO will 
yield a byte containing all ones and NONE of 
the UART channels’ receive FIFOs will be 
popped. (IMPORTANT) 

The GRxFIFO is Read only at address 2BH. 


Global Transmit Holding Register (GTHR) 


Data to be Sent 


8 
236 


Similar to the GRxFIFO, no physical register 
implementation exists. The byte is pushed 
into the correct transmitter’s FIFO based on 
the interrupting channel field of the Current 
Interrupt Register. 

If a transmitter is not the cause of the current 
interrupt, a write to the Global TxFIFO has no 
effect. 

The GTxFIFO is Write only at address 2BH. 


Global Interrupting Channel (GICR) 


000000 


6 2 


Like the other Global pseudo-registers no 
hardware register exists. The Channel 
number field of the Current Interrupt Register 
padded with leading zeros is output as the 
GICR. The GICR is Read only at address 
29H. 


Interrupt Control (ICR) 


Threshold IVC 


6 2 


The Threshold Field is used by the interrupt. 

comparator to determine if a winning interrupt 

“bid” should result in interrupting the control 

processor. This field resets to 3Fh. 

The IVC field controls what kind of vector the 

QUART returns to the control processor 

during an Interrupt Acknowledge cycle: 

00 Output contents of Interrupt Vector 
Register 

01 Output 6 MSBs of IVR and Channel 
number as 2 LSBs 

10 Output 3 MSBs of IVR and Channel 
number and Interrupt Type 

11 Disable generation of vector during 
IACK cycle . 

This field reset to 00 and is read/write at 

address 2CH. 
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Bidding Control Registers (BCRs) can be read or written at addresses 20-23H. interrupt type code and/or Channel code bits. 
Rev'd Break | State Change C/T Interrupt Vector (IVR) The IVR is write only at address 29H. 
3 3 2 Always Used | with IVC = 0x | w/IVC > 00 
The 3 MSBs determine the priority of 3 3 2 OPEN ISSUES 
Received Break Interrupts; they are reset to Holds the constant bits of the interrupt This specification is Preliminary. Final 
001. acknowledge vector. As shown, the three performance values will follow 
Bits 4:2 determine the priority of Change of MSBs are always used, while the less characterization. AC parameters have been 
Input State interrupts, and are reset to 00. significant bits can be replaced by the taken from first fabrication lots. 


There is one BCR per UART channel; they 


ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING 
Ta Operating ambient temperature range 






ae 
[eo [Powerdisspaion SP 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other condition above those indicated in the operation section of this specification is not implied. 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Parameters are valid over specified temperature range. See ordering information table for applicable temperature range and operating supply 
range. 





DC ELECTRICAL CHARACTERISTICS: 2, 3 


SYMBOL PARAMETER TEST CONDITIONS 
Vit Input low voltage 
Vin Input high voltage (except X1/CLk) 2.0 
Vin Input high voltage (X1/CLK) 0.8Vcc 
Voi Output Low voltage 
Vou Output High voltage (except OD outputs) 
fe Input current Low, I/O ports Vin = 0 
li Input current High, I/O ports Vin = Vee 





LIMITS 


Typ UNIT 











Pi. x Input leakage current Vin =O to Voc —1 p | 
linxs X1/CLK input Low current Vin = GND, X2 = open —100 
lax X1/CLK input High current Vin = Voc, X2 = open 100 
lozH Output off current High, 3-State data bus Vin = Vec 
loz Output off current Low, 3-State data bus Vin = 0 —1 
loo Open-drain output Low current in off state: IRQN Vin = Voc —10 
loox Open-drain output Low current in off state: IRQN Vin =0 


Power supply current TTL input levels 25°C 
lec Operating mode with X1 = 4MHz 


NOTES: 

1. Parameters are valid over specified temperature range. See ordering information table for applicable temperature range and operating supply 
range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 20ns 
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced atinput voltages of V,, and Vy, as appropriate. 

3. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 





pA 
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AC ELECTRICAL CHARACTERISTICS! 2: 3; 4 T, = 20°C; Voc = 5V t 10%, unless otherwise specified. 


LIMITS 
SYMBOL | FIGURE PARAMETER | Min | Typ | Max | UNIT 


Reset timing . 


fee emigre 
10 Port timing® 

Ea A 
ES I 


Interrupt timing 
7 INTRN negated or IO output High from: 































Read RHR (RxRDY/FFULL interrupt) ns 
Write THR (TxRDY interrupt) With respect to a ns 
Reset command (break change interrupt) 3 6864MHz clock on ns 
Reset command (lO change interrupt) pin X1/CLK ns 
Stop C/T command (counter interrupt) ns 
Write IMR (clear of interrupt mask bit) ns 





Clock timing 





X1/CLK low time/high time 125/100 
X1/CLK frequency 0 
0 






oe 

ftcre | 8 Counter/timer clock high or low time | 60 | 

fere = | 8 Counter/timer clock frequency . M 

: : 2 

ae RxC high or low time p80 

fax RxC frequency (16X) ot 
RxC frequency (1X) OH 

tnx feted 

eet 


fad 
ie 
Eo 
fx | 8 Chore 
ae 
bee 
ae 
so 


fetc 


TxC frequency (16X) Qu 
TxC frequency (1X) ou 


tx] 8 | TxD output delay from TxC low 16X Eee 
TxD output delay from TxC output ie 


Transmitter timing 











RxD data hold time from RxC high 100 


NOTES: 

1. Parameters are valid over specified temperature range. See ordering information table for applicable temperature range and operating supply 
range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 20ns 
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of Vj. and Vy, as appropriate. 

3. Typical values are at +25°C, typical supply voltages, and typical processing parameters. 

4. Test condition for interrupt and 1O outputs: C, = 50pF, forced current for Vo, = 5.3mA; forced current for Voy = 400A, Ry = 2.7kQ to Vcc. Test 
conditions for rest of outputs: C, = 150pF. 3 
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AC ELECTRICAL CHARACTERISTICS (PRELIMINARY)? T, = 20°C; Voc = 5V + 10%, unless otherwise specified. 














Setup: A[5:0] valid to CEN low 
Hold: A[5:0] valid after CEN low 


Access: Later of CEN low and RDN low, to Dnn valid (read) 


Later of CEN low and (RDN or WRN as applicable) low, to DACKN low 
Normal Operation: 














f of CEN low and (RDN or WRN as applicable) low, for the next cycle 


| 8 | fa Setup, Dnn valid (write) to later of CEN low and WRN low? 
| 9 [| fa | Later of CEN low and WRN low, to earlier of CEN high or WRN high 


Hold: Dnn valid (write) after DACKN low, CEN high or WRN high? 


NOTES: 
1. The minimum time indicates that read data will remain valid until the bus master drives CEN and/or RDN to high. 
2. The fact that this parameter is negative means that the Dnn line may actually become valid after CEN and WRN are both low. 


3. In a Write operation, the bus master must hold the write data valid either until drives CEN and/or WRN to high, or until the QUART drives 
DACKN to low, whichever comes first. 


4. Test condition for interrupt and |O outputs: C_ = 50pF, forced current for Vo, = 5.3mA; forced current for Voy = 400pA, Ry = 2.7kQ to Voc. 
Test conditions for rest of outputs: C, = 150pF. 


Earlier of CEN high or (RDN or WRN as applicable) high, in one cycle, to later 





READ CYCLE WRITE CYCLE 








Figure 1a. A Read Cycle Followed by a Write Cycle With DACKN 
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Pp umts 
[017.0] Data Validator CEN and RONLOW Cd 


AC ELECTRICAL CHARACTERISTICS (PRELIMINARY)! T, = 0°C; Voc = 5V + 10%, unless otherwise specified. 
me 
[1 [A(SO]Held ime from RONWANLowSSCSCSCS~S~Ci 
3 ae 
[tb [CENHoid ime rom RONWAN Hig? SSSCSCSC~dSCt 
[te [RONWANPulsewithlow SSS STO 
: 

[tb [D(7-0 Data bus floating after RDN or CENHigh Si 
| tb D{7:0] Data bus setup time before WRN or CEN High Le Poel 
— a 


NOTES: | | 

1. Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing’ input. CEN and 
RDN (also CEN and WRN) are ANDedinternally. As a consequence, the signal asserted last initiates the cycle and the signal negated first termi- 
nates the cycle. 

2. The RDN signal must be negated for tawp guarantee that any status register changes are valid. 

3. Consecutive write operations to the command register require at least three rising edges of the X1 clock between writes. 


Time between Reads and/or Writes? 


READ CYCLE WRITE CYCLE 





Figure 1b. A Read Cycle Followed by a Write Cycle Without DACKN 
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AC ELECTRICAL CHARACTERISTICS (PRELIMINARY) T, = 0°C; Voc = 5V + 10%, unless otherwise specified. 


ee eee 

[i [te [oroiveidaterincRtow SS SSSCSCSC—~—SSCSCidTSSt tO 
10+2 

[2 | te [orcrniowatermcrnion || xt | ns 

[3 [te [01701 foating ateriACKNHigh———SSC—~—SCSYTSCSC*dS 

arse ae ee 






DACKN High after |ACKN High 





Figure ic. Interrupt Knowledge (IACKN) Timing 


EVAUVHOLD __/ Na J Na Neto 
IACKN : : : : ; \ ; LIL, 


CIR X VALUE FOR THIS INTERRUPT 


Figure 2. Interrupt Bid Arbitration Timing. 
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INTBUSN7:0 


INVERTING LATCHES 


BYTE COUNT CORRECTION LOGIC 


CURRENT 
> BYTE COUNT INTERRUPT TYPE CHANNEL INTERRUPT 
REGISTER 


READGIBC 


READCIR 


READGICR 


D2 D1 


Figure 3. Current Interrupt Register Logic 


INTRANANTRDN, 


MPP1a—MPP1h, +5V 
MPP2a—MPP2h 


. 


+5V 


[= 5.3mA VoL 

} = 400A Von 
DO-D7, 
TxDa—TxDh, 
MPOa-—MPOh 


L 





Figure 4. Test Conditions on Outputs 
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Figure 5. Reset Timing 


10 as Input 


OLD DATA NEW DATA 


Figure 6. lO Port Timing 


INTERRUPT! 
OUTPUT 


RDN 


INTERRUPT! 
OUTPUT 


NOTES: 
1. Includes IO when used as TxRDY or RxDY/FFULL outputs as well as INTRN. 


2. The test for open drain outputs is intended to guarantee switching of the output transistor. Measurement of this response is referenced from the midpoint of the switching signal, 
Vu, to a point 0.5V above Vq. This Point Represents Noise Margin That Assures True Switching Has Occurred. Beyond this level, the effects of external circuitry and test 
environment are pronounced and can greatly affect the resultant measurement. 





Figure 7. Interrupt Timing 
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NOTE: 
RESISTOR REQUIRED 
XVCLK FOR TTL INPUT 
CTCLK 
RxC 
Txc 


C1 = C2 = 24pF FOR C, = 20PF SC26C94/SC68C94 


TO INTERNAL CLOCK DRIVERS 


NOTE: 
C1 and C2 should be based on manufacturer’s specification. 
Xt and X2 parasitic capacitance is 1-2pF and 3-5pF, respectively. 


TYPICAL CRYSTAL SPECIFICATION 


Figure 8. Clock Timing 


1 BIT TIME 
(1 OR 16 CLOCKS 


Txc 
(INPUT) 


TxC 
(1X OUTPUT) 


Figure 9. Transmit Timing 
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RxC 
(1X INPUT) 


Figure 10. Receive Timing 


oe) Le 


TRANS- 


| 
MITTER 
ENABLED / 
TxRDY 
(SR2) aN cS x * 
V 7 7 ae 7 . Pa 


D1 Ds Dg START D10 STOP D11 WILL 
BREAK BREAK NOT BE 

LOADED TO THE | 

TRANSMIT FIFO | 


| 
| 
| 


RTSN2 
(1/0 2) 
CR[7:4] = 1000 CR[7:4] = 1000 


NOTES: 
1. Timing shown for MR2[4] = 1. 
2. Timing shown for MR2[5] = 1. 


Figure 11. Transmitter Timing 
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RECEIVER 012 AND D13 LOST 
ENABLED DUE TO RECEIVER DISABLE. 


RxRDY 


(SRO) 
a, 
rn 
L/ 
| Vy S = STATUS 
D = DATA 
D117 WILL 
BE LOST 
OVERRUN DUE TO RESET BY 
(SR4) 


OVERRUN COMMAND 


NOTES; 
1. Timing shown for MR1[7] = 1. 


Figure 12. Receiver Timing 


MASTER STATION BIT 9 BIT 9 BIT 9 


deerme 


TRANSMITTER 


ENABLED 


CSN 
(WRITE] 
MRt1 [4:3] = 11 ADD#1 MR1[2]=0 DO MR1[2]= 1 ADD#2 
MR1 [2] = 1 
PERIPHERAL STATION 
BIT 9 BIT 9 BIT 9 


——__————- 
|} L.~_ 
| 


| 

RECEIVER | 
ENABLED | | 
| | 


RxRDY 
(SRO) 
arorrenemerenemn) 


Se 


S = STATUS 
MR1 [4:3] = 11 D= DATA 


RON/WRN 


Figure 13. Wake-Up Mode 
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DESCRIPTION 

The SCC2698B Enhanced Octal 
Universal Asynchronous 
Receiver/Transmitter (Octal UART) is a 
single chip MOS-LSI communications 
device that provides eight full-duplex 
asynchronous receiver/transmitter 
channels in a single package. It is 
fabricated with CMOS technology which 
combines the benefits of high density 
and low power consumption. 





The operating speed of each receiver 
and transmitter can be selected 
independently as one of eighteen fixed 
baud rates, a 16X clock derived from a 
programmable counter/imer, or an 
external 1X or 16X clock. The baud rate 
generator and counterAimer can operate 
directly from a crystal or from external 
clock inputs. The ability to independently 
program the operating speed of the 
receiver and transmitter make the Octal 
UART particularly attractive for 
dual-speed channel applications such as 
clustered terminal systems. 


The receiver is quadruple buffered to 
minimize the potential of receiver 
overrun or to reduce interrupt overhead 
in interrupt driven systems. In addition, a 
handshaking capability is provided to 
disable a remote UART transmitter 
when the receiver buffer is full. 


ORDERING INFORMATION 


PACKAGES 










NOTE: 


SCC2698B 


Enhanced octal universal asynchronous 
receiver/transmitter (Octal UART) 


The UART provides a power-down 
mode in which the oscillator is frozen but 
the register contents are stored. This 
results in reduced power consumption 
on the order of several magnitudes. The 
Octal UART is fully TTL compatible and 
operates from a single +5V power 
supply. 

The SCC2698B is an upwardly 
compatible version of the 2698A Octal 
UART. In PLCC packaging, it is 
enhanced by the addition of receiver 
ready or FIFO full status outputs, and 
transmitter empty status outputs for 
each channel on 16 multipurpose I/O 
pins. The multipurpose 1/O pins of the 
SCC2698B were inputs only on the 
SCC2698A. 


FEATURES 
e Eight full-duplex asynchronous 
receiver/Aransmitters 
e Quadruple buffered receiver data 
register 
e Programmable data format: 
— 5 to 8 data bits plus parity 
— Odd, even, no parity or force parity 


— 1, 1.5 or 2 stop bits programmable 
in 1/16-bit increments 


Veco = +5V +5%, Ta = 0°C to +70°C Voc = +5V +5%, Ta = —40°C to +85°C 
Plastic DIP SCC2698BC 1N64 
Plastic Leaded Chip Carrier SCC2698BC 1A84 SCC2698BA1A84 


Pin Grid Array (PGA) package version is available from Philips Components Military Division. 


247 


e Baud rate for the receiver and 
transmitter selectable from: 
— 18 fixed rates: 50 to 38.4K baud 
Non-standard rates to 115.2K baud 
— User-defined rates from the 
programmable counter/imer 
associated with each of four blocks 
— External 1x or 16x clock 
e Parity, framing, and overrun error 
detection 
e False start bit detection 
e Line break detection and generation 
e Programmable channel mode 
— Normal (full-duplex), automatic 
echo, local loop back, remote 
loopback 
e Four multi-function programmable 
16-bit counter/timers 
e Four interrupt outputs with eight 
maskable interrupting conditions for 
each output 
e Receiver ready/FIFO full and 
transmitter ready status available on 
16 multi-function pins in PLCC 
package 
e On-chip crystal oscillator 
e TTL compatible 
e Single +5V power supply with low 
power mode 


SCC2698BA1N64 
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PIN CONFIGURATIONS 


Vcc 
X2 
X1/CLK 
Do 

D1 

D2 

NC 

D3 

NC 

D4 


2 
3 


Function Pin Function i Function 


TxDa 29 SAB RxDd 

MPP2g 30 MPP2b RxDf 

RxDa 31 A4 RxDh 
32 AS MPite 
33. MPl0a MP 10e 
34  MPI0Ob MPItf 
35 INTRAN MPIOf 
36 =INTRBN MPP 1e 
37 MPl0c GND 
38 MPlic MPP If 
39 MPI0d MPOg 
40 MPlid MPP2e 
41 TxDb MPOe 
42 MPPic MPP2t 
43. MPQOb MPOc 
44 MPPI1d MPOa 


NC 
DS 


OON DONA WONM = 


45 Voc TxDg 
46 INTRCN TxDe 
RxDd 47 INTRDN RxDg 
48 MPP2c MPIOg 
RxDb 49 TxDd MPIOh 
50  MPP2d MPlig 
Txt 51 MPOd RxDe 


52 TxDf MP th 
53 MPOf TxDe 
: 54 MPOh MPP1g 
Aestinput 55  TxDh RxDe 
MPOt 56 RxDb MPP th 


MPOh 


TxDf 
MPOd 
TxDd 
INTRDN 
INTRCN 


Voc 
MPOb 
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BLOCK DIAGRAM 


INTERNAL DATA 
BUS 


8 


D0~D7 CI, BUS BUFFER 


TIMING 
CONTROL 


! 


OPERATION CONTROL 


ADDRESS 
DECODE 


R/W CONTROL 


| 
zi || 


TIMING 


CRYSTAL 
X1/CLK OSCILLATOR 


X2 POWER-ON 
LOGIC 


BLOCK B 
(SAME AS A) 


BLOCK C 
(SAME AS A) 


BLOCK D 
(SAME AS A) 
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CHANNEL B 
(AS ABOVE) 


INPUT PORT 


CHANGE-OF- 
STATE 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
{ 
| 
| 
| 
| 
| 
| 
| 
] 
| 
| 
| 
| 
DETECTORS (4) | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
{ 
| 
| 
| 
| 
| 
| 


OUTPUT PORT 
MPP1 


FUNCTION SELECT 
LOGIC MPP2 


OPCR MPO 


INTRAN 
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PIN aoa TBARS 


TYPE NAME AND FUNCTION 


4-6, 8, Data Bus: Active—High 8-bit bidirectional 3-State data bus. Bit 0 is the LSB and bit 7 is the MSB. 
10, 12, All data, command, and status transfers between the CPU and the Octal UART take place over 
14, 15 this bus. The direction of the transfer is controlled by the WRN and RDN inputs when the CEN 
input is low. When the CEN input is High, the data bus is in the 3-State condition. 


Chip Enable: Active-Low input. When Low, data transfers between the CPU and the Octal 
UART are enabled on D0O-D7 as controlled by the WRN, RDN and AO-A5 inputs. When CEN 
is High, the Octal UART is effectively isolated from the data bus and DO-D7 are placed in the 
3-State condition. 


Write Strobe: Active-Low input. A Low on this pin while CEN is Low causes the contents of the 
data bus to be transferred to the register selected by AO—AS5. The transfer occurs on the trailing 
(rising) edge of the signal. 
























16 










Read Strobe: Active-Low input. A Low on this pin while CEN is Low causes the contents of the 
register selected by AO—A5 to be placed on the data bus. The read cycle begins on the leading 
(falling) edge of RDN. 


Address Inputs: Active-High address inputs to select the Octal UART registers for read/write 
operations. 












Reset: Master reset. A High on this pin clears the status register (SR), clears the interrupt mask 
register (IMR), clears the interrupt status register (ISR), clears the output port configuration reg- 
ister (OPCR), places the receiver and transmitter in the inactive state causing the TxD output 
to go to the marking (High) state, and stops the counter/timer. Clears power-down mode and 
interrupts. 


















INTRAN— 
INTRDN 


Interrupt Request: This active-Low open drain output is asserted on occurrence of one or more 
of eight maskable interrupting conditions. The CPU can read the interrupt status register to de- 
termine the interrupting condition(s). 










X1/CLK Crystal 1: Crystal or external clock input. When using the crystal oscillator, this pin serves as 
the connection for one side of the crystal. If a crystal is not used, an external clock is supplied 
at this input. An external clock (or crystal) is required even if the internal baud rate generator is 
not utilized. This clock is used to drive the internal baud rate generator, as an optional input to 


the timer/counter, and to provide other clocking signals required by the chip. 













X2 Crystal 2: Connection for other side of crystal. If an external source is used instead of a crystal, 


this connection should be left open (see Figure 7). 














RxDa-RxDh Receiver Serial Data Input: The least significant bit is received first. If external receiver clock 
is specified, this input is sampled on the rising edge of the clock. If internal clock is used, the 


RxD input is sampled on the rising edge of the RxC 1x signal as seen on the MPO pin. 








TxDa—TxDh 





Transmitter Serial Data Output: The least significant bit is transmitted first. This outputis held 
in the marking (High) condition when the transmitter is idle or disabled and when the Octal UART 
is operating in local loopback mode. If external transmitter is specified, the data is shifted on the 
falling edge of the transmitter clock. If internal clock is used, the TxD output changes on the fall- 
ing edge of the TxC1x signal as seen on the MPO pin. 


Multi-Purpose Output: Each of the four DUARTS has two MPO pins. One of the following eight 
functions can be selected for this output pin by programming the OPCR (output port configura- 
tion register). Note that reset conditions MPO pins to RTSN. 

RTSN — Request to send active-Low output. This output is asserted and negated via the com- 
mand register. By appropriate programming of the mode registers, RTSN can be programmed 
to be automatically reset after the character in the transmitter is completely shifted or when the 
receiver FIFO and shift register are full. RTSN is an internal signal which normally represents 
the condition of the receiver FIFO not full, i.e., the receiver can request more data to be sent. 
However, itcan also be controlled by the transmitter empty and the commands 8h and 9hwritten 
to the CR (command register). 

C/TO — The counter/timer output. 

TxC1X — The 1X clock for the transmitter. 

TxC16X — The 16X clock for the transmitter. 

RxC1X — The 1X clock for the receiver. 

RxC16X — The 16X clock for the receiver. 

TxRDY — Transmitter holding register empty signal. 

RxRDY/FFULL — Receiver FIFO not empty/full signal. 


Multi-Purpose Input 0: This pin (one in each UART) is programmable. Its state can always be 
read through the IPCR bit 0, or the IPR bit 0. 

CTSN: By programming MR2[4] to a 1, this input will also control the clear-to-send functions. 
It is active low. This pin is provided with a change-of-state detector. 













MPOa—MPOh 




























MPI0a—MPIOh 
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PIN DESCRIPTION (Continued) 
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MPI1a—MPIth 












MPP ta-MPP 1h 






















MPP2a—MPP2h 
























Test Input 














Voc 
GND 





BLOCK DIAGRAM 

As shown in the block diagram, the Octal UART 
consists of: data bus buffer, interrupt control, 
operation control, timing, and eight receiver 
and transmitter channels. The eight channels 
are divided into four different blocks, each block 
independent of each other (see Figure 1). 


BLOCK A BLOCK C 
CHANNELS a, b CHANNELS e, f 


BLOCK D 
CHANNELS g, h 


BLOCK B 
CHANNELS c, d 


Figure 1. Channel Architecture 





Channel Blocks 

There are four blocks (Figure 1), each contain- 
ing two sets of receiver/transmitters. In the fol- 
lowing discussion, the description applies to 
Block A which contains channels a andb. How- 
ever, the same information applies to all chan- 
nel blocks. 


Data Bus Buffer 

The data bus buffer provides the interface be- 
tween the external and internal data buses. Itis 
controlled by the operation control block to al- 
low read and write operations to take place be- 
tween the controlling CPU and the Octal UART. 
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TYPE 
| 












drain. 


an open drain. 


Power Supply: +5V supply input. 


Ground 


Interrupt Control 

A single interrupt output per block (INTRN) is 

provided which is asserted on occurrence of 

any of the following internal events: 

—Transmit holding register ready for each 
channel 


—Receive holding register ready or FIFO full 
for each channel 


~—Change in break received status for each 
channel 


—Counter reached terminal count 
—Change in MPI input 


Associated with the interrupt system are the in- 
terrupt mask register (IMR) and the interrupt 
status register (ISR). The IMR can be pro- 
grammed to select only certain conditions, of 
the above, to cause INTRN to be asserted. The 
ISR can be read by the CPU to determine all 
currently active interrupting conditions. Howev- 
er, the bits of the ISR are not masked by the 
IMR. The transmitter ready status and the re- 
ceiver ready or FIFO full status can be provided 
on MPP 1a, MPP1b, MPP2a, and MPP2b by 
setting OPCR[7]. these outputs are not masked 
by IMR. 


Operation Control 

The operation control logic receives operation 
commands from the CPU and generates ap- 
propriate signals to internal sections to control 
device operation. It contains address decoding 
and read and write circuits to permit communi- 
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Multi-Purpose Pin 2: This pin (one for each UART) is programmed to be an input or an output 
according to the state of OPCR[7]. (0 = input, 1 = output). The state of the multi-purpose pin can 
always be determined by reading the |PR. When programmed as an input, it will be the receiver 

Clock (RxCLK). It will be 1x or 16x according to the clock select registers (CSR[7:4). When pro- 
grammed as an output, it will be the status register RXxRDY/FIFO full bit. As an output, it will be 
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NAME AND FUNCTION 


Multi-Purpose Input 1: This pin (one for each unit) is programmable. Its state can always be 
determined by reading the IPCR bit 1 or IPR bit 1. 

C/TCLK — By programming MR2[5] to a 1, this input will serve as the external clock for the coun- 
ter/timer 2. This occurs only for channels a, c, e, and g since there is one counter/timer 2 foreach 
DUART block. This pin is provided with a change-of-state detector. 


Multi-Purpose Pin 1: This pin (one for each UART) is programmed to be an input or an output 
according to the state of OPCR[7]. (0 = input, 1 = output). The state of the multi-purpose pin can 
always be determined by reading the IPR. When programmed as an input, it will be the transmit- 
ter clock (TxCLK). It will be 1x or 16x according to the clock select registers (CSR[3.0]). When 
programmed as an output, it will be the status register TxRDY bit. As an output, it will be an open 





Test Input: This pin is used as an input for test purposes at the factory while in test mode. This 
pin can be treated as ‘N/C’ by the user. It can be tied high, tied low, or left open. 


cations with the microprocessor via the data 
bus buffer. The functions performed by the CPU 
read and write operations are shown in Table 1. 


Mode registers 1 and 2 are accessed via an 
auxiliary pointer. The pointer is set to MR1 by 
RESET or by issuing a reset pointer command 
via the command register. Any read or write of 
the mode register while the pointer is at MR1 
switches the pointer to MR2. The pointer then 
remains at MR2 so that subsequent accesses 
are to MR2, unless the pointer is reset to MR1 
as already described. 


Timing Circuits 

The timing block consists of a crystal oscillator, 
a baud rate generator, a programmable 16-bit 
counter/timer for each block, and two clock 
selectors. 


The crystal oscillator operates directly from a 
3.6864MHz crystal connected across the X1/ 
CLK and X2 inputs with a minimum of external 
components. If an external clock of the appro- 
priate frequency is available, it may be con- 
nected to X1/CLK. If an external clock is used 
instead of a crystal, X1 must be driven and X2 
left floating as shown in Figure 7. The clock 
serves as the basic timing reference for the 
baud rate generator (BRG), the counter/timer, 
and other internal circuits. A clock frequency, 
within the limits specified in the electrical speci- 
fications, must be supplied even if the internal 
BRG is not used. 
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Table 1. Register Addressing 


Units A and B 


ries Tee ar eee ltt mith 
Sa ee ee ee ee ae 


MR1a, MR2a MR1a, MR2a MRite, MR2e MR1e, MR2e 
SRa CSRa SRe CSRe 
Reserved" CRa Reserved* CRe 

RHRa THRa RHRe THRe 
IPCRA ACRA. IPCRC ACRC 
ISRA IMRA ISRC IMRC 
CTUA CTURA CTUC CTURC 
CTLA CTLRA CTLC CTLRC 
MR1b, MR2b MR1b, MR2b MR1f, MR2f MR1f, MR2f 
SRb CSRb SRf CSRf 
Reserved* CRb Reserved" CRf 

RHRb THRb RHRf THR 
Reserved" Reserved" Reserved* Reserved" 
Input port A OPCRA Input port C OPCRC 
Start C/T A Reserved” Start C/T C Reserved* 
Stop C/TA Reserved" Stop C/T C Reserved* 


MR 1c, MR2c MRIi1c, MR2c 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


S2O000C COCO C OO C oOo Oo 
“aeons iti Qo0d00d00d0 
nn 
“~“3OC0-=004 400-0 
=O-0-02= 04-04-0404 
BRE A i Seagate aie Et ang alle ee cece aly 
20000 C COCO OO C COO 
-~ er nnn ir QODODDOOO 
--3=-=300O0OOH44-000 
|=4-"CO]==00-==00-+-0 
=~O-0-0-0- 0-002 


SRe 
Reserved* 
RHRc 
IPCRB 
ISRB 
CTUB 
CTLB 


SRd 
Reserved* 
RHRd 
Reserved* 
Input port B 
Start C/T B 
Stop C/T B 


ooo Momo mo momo momonomomomomome) 
eae A a ek a a ire Se Sa a) ct Jee 
~e eee ni QOOddDdCCIOO 
“a~a=-sas4—-3AO000+2423- 0000 
“~=-=O0O-+00+-+-00-=-00 
=O-O0O-0=-0-0+-0- 0-0 


NOTE: 


MR 1d, MR2d 


CSRe 
CRc 
THRe 
ACRB 
IMRB 
CTURB 
CTLRB 
MR1d, MR2d 
CSRd 
CRd 
THRd 
Reserved* 
OPCRB 
Reserved* 
Reserved’ 


cel al alle! el: ls: pan il al el eel el ae 
a wt ow es OodcdH-_- +=. 000 0 





at OO ew OO a + O Cm o> 


MR1g, MR2g 


MRig, MR2g 


SRg 
Reserved" 
RHRg 
IPCRD 
ISRD 
CTUD 
CTLD 
MRth, MR2h 
SRh 
Reserved* 
RHRh 
Reserved* 
Input port D 
Start C/T D 
Stop C/T D 


CSRg 
CRg 
THRg 
ACRD 
IMRD 
CTURD 
CTLRD 
MRi1h, MR2h 
CSRh 
CRh 
THRh 
Reserved" 
OPCRD 
Reserved* 
Reserved* 


—O-nr Of-r Oo] 0202402402. 0 


“Reserved registers should never be read during normal operation since they are reserved for internal diagnostics. 


ACR = Auxiliary control register 

CR = Command register 

CSR = Clock select register 

CTL = Counter/timer lower 

CTLR = Counter/timer lower register 
CTU = Counter/timer upper 
CTUR= Counter/timer upper register 
MR = Mode register 


The baud rate generator operates from the os- 
cillator or external clock input and is capable of 
generating 18 commonly used data communi- 
cations baud rates ranging from 50 to 38.4K 
baud. Thirteen of these are available simulta- 
neously for use by the receiver and transmitter. 
Eight are fixed, and one of two sets of five can 


be selected by programming ACR[7]. The clock 


Outputs from the BRG are at 16X the actual 
baud rate. The counter/timer can be used as a 
timer to produce a 16X clock for any other baud 
rate by counting down the crystal clock or an ex- 
ternal clock. The clock selectors allow the inde- 
pendent selection, by the receiver and 
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SR = Status Register 

THR = Tx holding register 

RHR = Rxholding register 

IPCR = Input port change register 
ISR = _ Interrupt status register 
IMR = Interrupt mask register 
OPCR= 


transmitter, of any of these baud rates or an 
external timing signal. 


There are four C/Ts in the Octal UART, one for 
each block. The C/T operation is programmed 
by ACR{[6:4]. One of eight timing sources can 
be used as the input to the C/T. The output of 
the C/T is available to the clock selectors and 
can also be programmed by OPCR[2:0] for 
channel a and OPCR{6:4] for channel b, to be 
output on the MPOa or MPOb pin respectively. 


A register read address is reserved to issue a 
start counter/timer command and a second 
register read address is reserved to issue a 
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Output port configuration registerr 


stop counter/timer command for each timer. 
For example, to issue a stop counter command 
for the counter-timer in block B, a read of ad- 
dress ‘1F’ must be performed. See Table 1 for 
register addressing. 


In the timer mode, the C/T generates a square 
wave whose period is twice the number of clock 
periods loaded into the C/T upper and lower 
registers. The counter ready bitin the ISRis set 
once each cycle of the square wave. Ifthe value 
in CTUR or CTLR is changed, the current half- 
period will not be affected, but subsequent half- 
periods will be affected. In this mode the C/T 
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runs continuously and does not recognize the 
stop C/T command (the command only resets 
the counter ready bit in the ISR). Receipt of a 
start C/T command causes the counter to ter- 
minate the current timing cycle and to begin a 
new cycle using the values in CTUR and CTLR. 


In the counter mode, the C/T counts down the 
number of pulses loaded into CTUR andCTLR. 
Counting begins upon receipt of a start counter 
command. Upon reaching terminal count, the 
counter ready bit in the ISR is set. The counter 
continues counting past the terminal count until 
stopped by the CPU. If MPO is programmed to 
be the output of the C/T, the output remains 
High until terminal count is reached, at which 
time it goes Low. The output returns to the High 
state and the counter ready bit is cleared when 
the counter is stopped by a stop counter com- 
mand. The CPU may change the values of 
CTURandCTLRatany time, but the new count 
becomes effective only on the next start count- 
er command following a stop counter com- 
mand. If new values have not been loaded, the 
previous count values are preserved and used 
for the next count cycle. 


In the counter mode, the current value of the up- 
per and lower eight bits of the counter may be 
read by the CPU. It is recommended that the 
counter be stopped when reading to prevent 
potential problems which may occur if a carry 
from the lower eight bits to the upper eight bits 
occurs between the times that both halves of 
the counter are read. However, a subsequent 
start counter command causes the counter to 
begin a new count cycle using the values in 
CTUR and CTLR. 


Receiver and Transmitter 

The Octal UART has eight full-duplex asynch- 
ronous receiver/transmitters. The operating 
frequency for the receiver and transmitter can 
be selected independently from the baud rate 
generator, the counter/timer, or from an exter- 
nal input. 


Registers associated with the communications 
channel are the mode registers (MR1 and 
MR2), the clock select register (CSR), the com- 
mand register (CR), the status register (SR), 
the transmit holding register (THR), and the re- 
ceive holding register (RHR). 


Transmitter 

The transmitter accepts parallel data from the 
CPU and converts it to a serial bit stream on the 
TxD output pin. It automatically sends a start bit 
followed by the programmed number of data 
bits, an optional parity bit, and the programmed 
number of stop bits. The least significant bit is 
sent first. Following the transmission of the stop 
bits, if a new character is not available in the 
THR, the TxD output remains high and the 
TXxEMT bit in the SR will be set to 1. Transmis- 
sion resumes and the TxEMT bit is cleared 
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when the CPU loads a new character in the 
THR. In the 16X clock mode, this also resyn- 
chronizes the internal 1X transmitter clock so 
that transmission of the new character begins 
with minimum delay. 


The transmitter can be forced to send a break 
(continuous Low condition) by issuing a start 
break command via the CR. The break is termi- 
nated by a stop break command. If the transmit- 
ter is disabled, it continues operating until the 
characters currently being transmitted and the 
character in the THR, if any, are completely 
sent out. Characters cannot be loaded in the 
THR while the transmitter is disabled. 


Receiver 

The receiver accepts serial data on the RxD 
pin, converts the serial input to parallel format, 
checks for start bit, stop bit, parity bit (if any), or 
break condition, and presents the assembled 
character to the CPU. The receiver looks for a 
High-to-Low (mark-to-space) transition of the 
start biton the RxD input pin. Ifa transition is de- 
tected, the state of the RxD pin is sampled 
again each 16X clock for 7-1/2 clocks (16X 
clock mode) or at the next rising edge of the bit 
time clock (1X clock mode). 


If RxD is sampled High, the start bit is invalid 
and the search for a valid start bit begins again. 
If RxD is still Low, a valid start bit is assumed 
and the receiver samples the input. This contin- 
ues at one bit time intervals, at the theoretical 
center of the bit, until the proper number of data 
bits and the parity bit (if any) have been as- 
sembled, and one stop bit has been detected. 
The data is then transferred to the RHR and the 
RxRDY bit in the SR is set to a one. If the char- 
acter length is less than eight bits, the most sig- 
nificant unused bits in the RHR are set to zero. 


After the stop bit is detected, the receiver will 
immediately look for the next start bit. However, 
if a non-zero character was received without a 
stop bit (i.e. framing error) and RxD remains low 
for one-half of the bit period after the stop bit 
was sampled, then the receiver operates as if 
a new start bit transition had been detected at 
that point (one-half bit time after the stop bit was 
sampled). The parity error, framing error and 
overrun error (if any) are strobed into the SR at 
the received character boundary, before the 
RxRDY status bit is set. 


If a break condition is detected (RxD is low for 
the entire character including the stop bit), only 
one character consisting of all zeros will be 
loaded in the FIFO and the received break bit 
in the SR is set to 1. The RxD input must return 
to a high condition for two successive clock 
edges of the 1X clock (internal or external) be- 
fore a search for the next start bit begins. 
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TIMEOUT MODE 

The timeout mode uses the received data 
stream to control the counter. Each time a re- 
ceived character is transferred from the shift 
register to the RHR, the counter is restarted. If 
a new character is not received before the 
counter reaches zero count, the counter ready 
bit is set, and an interrupt can be generated. 
This mode can be used to indicate when data 
has been left in the Rx FIFO for more than the 
programmedtime limit. Otherwise, if the receiv- 
er has been programmed to interrupt the CPU 
when the receive FIFO is full, and the message 
ends before the FIFO is full, the CPU may not 
know when there is data left in the FIFO, The 
CTU and CTL value would be programmed for 
just over one character time, so that the CPU 
would be interrupted as soon as it has stopped 
receiving continuous data. This mode can also 
be used to indicate when the serial line has 
been marking for longer than the programmed 
time limit. In this case, the CPU has read all of 
the characters from the FIFO, but the last char- 
acter received has started the count. If there is 
no new data during the programmed time inter- 
val, the counter ready bit will get set, and an in- 
terrupt can be generated. 


This mode is enabled by writing the appropriate 
command to the command register. Writing an 
‘Ax’ to CRA or CRB will invoke the timeout 
mode for that channel. Writing a ‘Cx’ to CRA or 
CRB will disable the timeout mode. The timeout 
mode should only be used by one channel at 
once, since it uses the C/T. CTU and CTL must 
be loaded with a value greater than the normal 
receive character period. The timeout mode 
disables the regular START/STOP counter 
commands and puts the C/T into counter mode 
under the control of the received data stream. 
Each time a received character is transferred 
from the shift register to the RHR, the C/T is 
stopped after one C/T clock, reloaded with the 
value in CFU andCTLand then restarted on the 
next C/T clock. If the C/T is allowed to end the 
count before a new character has been re- 
ceived, the counter ready bit, ISR[3], will be set. 
If IMR[3] is set, this will generate an interrupt. 
Since receiving a character restarts the C/T, the 
receipt of a character after the C/T has timed 
out will clear the counter ready bit, ISR[3], and 
the interrupt. Invoking the ‘Set Timeout Mode 
On’ command, CRx='Ax’, will also clear the 
counter ready bit and stop the counter until the 
next character is received. 


RECEIVER FIFO 

The RHR consists of a first-in-first-out (FIFO) 
with a capacity of three characters. Data is 
loaded from the receive shift register into the 
top-most empty position of the FIFO. The 
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RxRDY bit in the status register (SR) is set 
whenever one or more characters are available 
to be read, and a FFULL status bit is set if all 
three stack positions are filled with data. Either 
of these bits can be selected to cause an inter- 
rupt. A read of the RHR, outputs the data at the 
top of the FIFO. After the read cycle, the data 
FIFO andits associated status bits are ‘popped’ 
thus emptying a FIFO position for new data. 


In addition to the data word, three status bits 
(parity error, framing error, and received break) 
are appended to each data character in the 
FIFO. Status can be provided in two ways, as 
programmedby the error mode control bitin the 
mode register. In the ‘character’ mode, status 
is provided on a character-by-character basis: 
the status applies only to the character at the 
top of the FIFO. In the ‘block’ mode, the status 
providedin the SR for these three bits is the log- 
ical OR of the status for all characters coming 
to the top of the FIFO since the last reset error 
command was issued. In either mode, reading 
the SR does not affect the FIFO. The FIFO is 
‘popped’ only when the RHRis read. Therefore, 
the SR should be read prior to reading the cor- 
responding data character. 


If the FIFO is full when a new character is re- 
ceived, that character is held in the receive shift 
register until a FIFO position is available. If an 
additional character is received while this state 
exists, the contents of the FIFO are not af- 
fected: the character previously in the shift reg- 
ister is lost and the overrun error status bit, 
SR[4], will be set upon receipt of the start bit of 
the new (overrunning) character. 


WAKE-UP MODE 

In addition to the normal transmitter and receiv- 
er operation described above, the Octal UART 
incorporates a special mode which provides 
automatic wake-up.of the receiver through ad- 
dress frame recognition for multiprocessor 
communications. This mode is selected by pro- 
gramming bits MR1[4:3] to ‘11’. 


In this mode of operation, a ‘master’ station 
transmits an address character followed by 
data characters for the addressed ‘slave’ sta- 
tion. The slave stations, whose receivers are 
normally disabled, examine the received data 
Stream and ‘wake-up’ the CPU [by setting 
RxRDY) only upon receipt of an address char- 
acter. The CPU compares the received ad- 
dress to its station address and enables the 
receiver if it wishes to receive the subsequent 
data characters. Upon receipt of another ad- 
dress character, the CPU may disable the re- 
ceiver to initiate the process again. 


A transmitted character consists of a start bit, 
the programmed number of data bits, an ad- 
dress/data (A/D) bit, and the programmed num- 
ber of stop bits. The polarity of the transmitted 
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A/D bit is selected by the CPU by programming 
bit MR1[2]; MR1[2] = 0 transmits a zero in the 
A/D bit position which identifies the corre- 
sponding data bits as data; MR1[2] = 1 trans- 
mits aone in the A/D bit position which identifies 
the corresponding data bits as an address. The 
CPU should program the mode register prior to 
loading the corresponding data bits in the THR. 


While in this mode, the receiver continuously 
looks at the received data stream, whether it is 
enabled or disabled. If disabled, it sets the 
RxRDY status bit and loads the character in the 
RHR FIFO if the received A/D bit is a one, but 
discards the received character if the received 
A/D bit is a zero. If enabled, all received charac- 
ters are then transferred to the CPU via the 
RHR. In either case, the data bits are loaded in 
the data FIFO while the A/D bit is loaded in the 
status FIFO position normally used for parity er- 
ror (SR[5]). Framing error, overrun error, and 
break detect operate normally whether or not 
the receiver is enabled. 


MULTI-PURPOSE INPUT PIN AND 


MULTI-PURPOSE I/O PINS 

The inputs to this unlatched 8-bit port for each 
block can be read by the CPU, by performing a 
read operation as shown in Table 1. A High in- 
put results in a logic one, while a Low input re- 
sults in a logic zero. When the input port pins 
are read on the 84-pin LLCC, they will appear 
on the data bus in alternating pairs (i.e., DBO = 
MP10a, DB1 = MPl1a, DB2 = MPI0Ob, DB3 = 
MPI1b, DB4 = MPP 1a, DB5 = MPP2a, DB6 = 
MPP 1b, DB7 = MPP2b. Although this example 
is shown for input port ‘A’, all ports will have a 
similar order). 


The MPI pin can be programmed as an input to 
one of several Octal UART circuits. The func- 
tion of the pin is selected by programming the 
appropriate control register. Change-of-state 
detectors are provided for MPIO and MPI1 for 
each channel in each block. A High-to-Low or 
Low-to-High transition of the inputs lasting 
longer than 25 to 50us sets the MPI change-of- 
state bit in the interrupt status register. The bit 
is cleared via a command. The change-of-state 
can be programmed to generate an interrupt to 
the CPU by setting the corresponding bit in the 
interrupt mask register. 


The input port pulse detection circuitry uses a 
38.4KHz sampling clock, derived from one of 
the baud rate generator taps. This produces a 
sampling period of slightly more than 25us (as- 
suming a 3.6864MHz oscillator input). The de- 
tection circuitry, in order to guarantee thata true 
change in level has occurred, requires two 
successive samples be observed at the new 
logic level. As a consequence, the minimum 
duration of the signal change is 25us if the tran- 
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sition occurs coincident with the first sample 
pulse. (The 50ps time refers to the condition 
where the change-of-state is just missed and 
the first change of state is not detected until af- 
ter an additional 25ps.) 


The multi-purpose pins can be programmed as 
inputs or outputs using OPCR[7]. When pro- 
grammed as inputs, the functions of the pins 
are selected by programming the appropriate 
control registers. When programmed as out- 
puts, the two MPP1 pins (per block) will provide 
the transmitter ready (TxRDY) status for each 
channel and the MPP2 pins will provide the re- 
ceiver ready or FIFO full (RxRDY/FFULL) sta- 
tus for each channel. 


MULTI-PURPOSE OUTPUT PIN 
This pin can be programmed to serve as a re- 
quest-to-send output, the counter/timer output, 
the output for the 1X or 16X transmitter or re- 
ceiver clocks, the TxRDY outputor the RxRDY/ 
FFULL output (see OPCR [2:0] and OPCR [6:4] 
— MPO Output Select). 


REGISTERS 

The operation of the Octal UART is pro- 
grammed by writing control words into the ap- 
propriate registers. Operational feedback is 
provided via status registers which can be read 
by the CPU. Addressing of the registers is de- 
scribed in Table 1. 


The bit formats of the Octal UART registers are 
depicted in Table 2. These are shown for block 
A. The bit format for the other blocks is the 
same. 


MR1 — Mode Register 1 

MR1 is accessed when the MR pointer points 
to MR1. The pointer is set to MR1 by RESET or 
by a set pointer command applied via the CR. 
After reading or writing MR1, the pointers are 
set at MR2. 


MR1[7] — Receiver Request-to-Send 
Control 

This bit controls the deactivation of the RTSN 
output (MPO) by the receiver. This output is 
manually asserted and negated by commands 
applied via the command register. MR1[7] = 1 
causes RTSN to be automatically negated 
upon receipt of a valid start bit if the receiver 
FIFOis full. RTSN is reasserted when an empty 
FIFO position is available. This feature can be 
used to prevent overrun in the receiver by using 
the RTSN output signal to control the CTS input 
of the transmitting device. 


MR1[6] — Receiver Interrupt Select 

This bit selects either the receiver ready status 
(RxRDY) or the FIFO full status (FFULL) to be 
used for CPU interrupts. 
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MR1[5] — Error Mode Select 

This bit selects the operating mode of the 
three FiFOed status bits (FE, PE, received 
break). In the character mode, status is pro- 
vided on a character-by-character basis; the 
status applies only to the character at the top 
of the FIFO. In the block mode, the status pro- 
vided in the SR for these bits is the accumula- 
tion (logical-OR) of the status for all charac- 
ters coming to the top of the FIFO since the 
last reset error command was issued. 


MR1[4:3] — Parity Mode Select 

if ‘with parity’ or ‘force parity’ is selected, a 
parity bitis added to the transmitted character 
and the receiver performs a parity check on 
incoming data. MR1[4:3] = 11 selects the 
channel to operate in the special wake-up 
mode. 


MR1[2] — Parity Type Select 

This bit selects the parity type (odd or even) 
if the ‘with parity’ mode is programmed by 
MR 1[4:3], and the polarity of the forced parity 
bit if the ‘force parity’ mode is programmed. 
It has no effect if the ‘no parity’ mode is pro- 
grammed. In the special ‘wake-up’ mode, it 
selects the polarity of the transmitted A/D bit. 


MR1[1:0] — Bits Per Character Select 
This field selects the number of data bits per 
character to be transmitted and received. The 
character length does not include the start, 
parity, and stop bits. 


MR2 — Mode Register 2 

MR2is accessedwhen the channel MR point- 
er points to MR2, which occurs after any ac- 
cess to MR1. Accesses to MR2 do not 
change the pointer. 


MR2[7:6] — Mode Select 


The Octal UART can operate in one of four 
modes. MR2[7:6] = 00 is the normal mode, 
with the transmitter and receiver operating in- 
dependently. MR2[7:6] = 01 places the chan- 
nel in the automatic echo mode, which auto- 
matically retransmits the received data. The 
following conditions are true while in automat- 
ic echo mode: 


1. Received data is reclocked and retrans- 
mitted on the TxD output. 

2. Thereceive clockis used for the transmit- 
ter. 

3. The receiver must be enabled, but the 
transmitter need not be enabled. 

4. The TxRDY and TxEMT status bits are in- 
active. 

5. The received parity is checked, but is not 
regenerated for transmission, i.¢., trans- 
mitted parity bit is as received. 

6. Character framing is checked, but the stop 
bits are retransmitted as received. 
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Table 2. Register Bit Formats 


en7 fers [airs [es Jens [ene [ent [oo 


MR1 (Mode Register 1) 


RxRTS RxINT Error : Parity d 
















0=No = Q=Char j 00 = With parity 00=5 
1 = Yes 1 = Block | 01 = Force parity 01=6 
10 = No parity 10=7 
11 = Special mode 11=8 









MR2 (Mode Register 2) 


TxRTS CTS : : 
Channel Mode Stop Bit Length 


















00 = Normal 0 =0.563 4=0.813 8 = 1.563 C = 1.813 
01 = Auto-echo 1 =0.625 5 = 0.875 9 = 1.625 C = 1.875 
10 = Local loop 2 = 0.688 6 = 0.938 A = 1.688 E = 1.938 
11 = Remote loop 3 = 0.750 7 = 1.000 B = 1.750 F = 2.000 








NOTE: 
*Add 0.5 to values shown above for 0-7, if channel is programmed for 5 bits/char. 


CSR (Clock Select Register) 


Receiver Clock Select Transmitter Clock Select 


CR (Command Register) 


Miscell Cc d Disable | Enable Disable | Enable 
scellaneous Commands Tx Tx ae = 
See text 0 =No 0 =No 0=No 0=No 
1 = Yes 


1 = Yes 1 = Yes 1 = Yes 
SR (Status Register) 


Rec'd. | Framing | Parity | Overrun 


NOTE: 

“These status bits are appended to the corresponding data character in the receive FIFO. A read 
of the status register provides these bits [7:5] from the top of the FIFO together with bits [4:0]. 
These bits are cleared by a reset error status command. In character mode, they must be reset 
when the corresponding data character is read from the FIFO. 









OPCR (Output Port Configuration Register) 


MPP 
Function 


MPOb Pin Function Select 
Select 


MPOa Pin Function Select 


000 = RTSN 
001 = C/TO 


000 = RTSN 
001 = C/TO 

010 = TxC (1X) 
011 = TxC (16X) 
100 = RxC (1X) 
101 = RxC (16X) 
110 = TxRDY 
111 = RxRDY/FF 


0 = input 
1 = output 


010 = TxC (1X) 
O11 = TxC (16X) 
100 = RxC (1X) 
101 = RxC (16X) 
110 = TxRDY 
111 = RxRDY/FF 


NOTE: 
*Only OPCR{3] in block A controls the power-down mode. 


7. Areceivedbreakis echoedasreceiveduntil 8. CPU-to-receiver communication continues 


the next valid start bit is detected. normally, but the CPU-to-transmitter link is 
disabled. 
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Two diagnostic modes can also be selected. 

MR2{[7:6] = 10 selects local loopback mode. | 

In this mode: 

1. The transmitter output is internally con- 

nected to the receiver input. 

The transmitclock is used for the receiver. 

The TxD output is held high. 

The RxD input is ignored. 

The transmitter must be enabled, but the 

receiver need not be enabled. 

6. CPU to transmitter and receiver commu- 
nications continue normally. 


RiP 


The second diagnostic mode is the remote 
loopback mode, selected by MR2[7:6] = 11. 
In this mode: 

1. Received data is reclocked and retrans- 
mitted on the TXD output. 

2. Thereceive clock is used for the transmit- 
ter. 

3. Received data is not sent to the local 
CPU, and the error status conditions are 
inactive. 

4. The received parity is not checked and is 
not regenerated for transmission, i.e., the 
transmitted parity bit is as received. 

5. The receiver must be enabled, but the 
transmitter need not be enabled. 

6. Character framing is not checked, and the 
stop bits are retransmitted as received. 

7. A received break is echoed as received 
until the next valid start bit is detected. 


When switching in and out of the various 
modes, the selected mode is activated at the 
completion of all transmitted and received 
characters. Likewise, ifamode is deselected, 
the device will switch out of the mode at the 
completion of all transmit and/or receive 
characters. 


MR2[5] — Transmitter Request-to—Send 
Control 

This bit controls the deactivation of the RTSN 
output (MPO) by the transmitter. This outputis 
manually asserted and negated by appropriate 
commands issued via the command register. 
MR2[5] = 1 causes RTSN to be reset automati- 
cally one bit time after the characters in the 
transmit shift register and in the THR (if any) 
are completely transmitted (includes the pro- 
grammed number of stop bits if the transmitter 
is notenabled). This feature can be used to au- 
tomatically terminate the transmission as fol- 
lows: 


Program auto-reset mode: MR2[5] = 1. 
Enable transmitter. 

Assert RTSN via command. 

Send message. 

Verify the next to last character of the mes- 
sage is being sent by waiting until transmit- 
ter ready is asserted. Disable transmitter 
after the last character of the message is 
loaded in the THR. vi 


OP GN: > 
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Table 2. 


Register Bit Formats (Continued) 


wr [ous [ous [ous [avs [ous Tort Toro 


ACR (Auxiliary Contro! Register) 






IPCR (Input Port Change Register) 


0=No 
1 = Yes 


0=No 
1 = Yes 


0=No 
1= Yes 


0=No 
1 = Yes 





ISR (Interrupt Status Register) 


0 =No 
1 = Yes 


O0=No 
1 = Yes 


0 =No 
1 = Yes 


0=No 
1 = Yes 








IMR (Interrupt Mask Register) 


RxRDY/ 
BREAKb | FFULLb 
INT 


MPI Port 
Change 
INT 


TxRDYb 
INT 


CTUR (Counter/Timer Upper Register) 


BRG Set Counter/Timer Delta Delta 
Select Mode and Source MPIibINT | MPIObINT 
0 =set1 0 = off 0 = off 0 = off 


Delta Delta Delta Delta 
MPlib | MPlOb | MPiia | MPI0a 
MPI Port Delta RxRDY/ Counter Delta RxRDY/ 
BREAKb | FFULLb | '*RDYb BREAKa | FFULLa | '*RDYa 





Delta Delta 


MPl0alNT 


0 = off 
1=on 


MPI1alNT 






0 =Low 
1 = High 


0 = Low 
1 = High 


0 = Low 
1 = High 


0 = Low © 
1 = High 





0=No 
1 = Yes 


0 = No 
1 = Yes 


0 = No 
1 = Yes 


0=No 
‘1 = Yes 





RxRDY/ 
FFULLa 
INT 


Delta 
BREAKa 
INT 


Counter 
Ready 
INT 





as acer ee I ae eo ae eee ee 





CTUR (Counter/Timer Lower Register) 


Le eee les eal eae 





| IPR (Input Port Register) 


MPPia 


0 = Low 
1 = High 


0 = Low 
1 = High 


0 = Low 


0 = Low 
1 = High 


6. The last character will be transmitted and 
RTSN will be reset one bit time after the last 
stop bit.. 


MR2[4] — Clear-to-Send Control 

The sate of this bit determines if the CTSN input 
(MPI) controls the operation of the transmitter. 
If this bit is 0, CTSN has no effect on the trans- 
mitter. If this bitis a 1, the transmitter checks the 
sate of CTSN each time it is ready to send a 
character. If it is asserted (Low), the character 
is transmitted. If it is negated (High), the TxD 
output remains in the marking state and the 
transmission is delayed until CTSN goes Low. 
Changes in CTSN, while a character is being 
transmitted do not affect the transmission of 
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MPi0a 


0 = Low 
1 = High 


MPIi1b 


0 = Low 
1 = High 


0 = Low 
1 = High 


0 = Low 
1 = High 


that character. This feature can be used to pre- 
vent overrun of a remote receiver. 


MR2[3:0] — Stop Bit Length Select 

This field programs the length of the stop bit ap- 
pended to the transmitted character. Stop bit 
lengths of 9/16 to 1 and 19/16 to 2 bits, inincre- 
ments of 1/16 bit, can be programmed for char- 
acter lengths of 6, 7, and 8 bits. For a character 
length of 5 bits, 11/16 to 2 stop bits can be pro- 
grammedin increments of 1/16 bit. In allcases, 
the receiver only checks for a mark condition at 
the center of the first stop bit position (one bit 
time after the last data bit, or after the parity bit 
if parity is enabled). If an external 1X clock is 
used for the transmitter, MR2{[3] = 0 selects one 
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stop bit and MR2[3] = 1 selects two stop bits to 
be transmittted. 


CSR — Clock Select Register 


CSR[7:4] — Receiver Clock Select 
When using a 3.6864MHz crystal or external 
clock input, this field selects the baud rate clock 
for the receiver as shown in Table 3. 


Table 3. Baud Rate 
50 75 















































110 110 
134.5 38.4k 
0011 200 150 
0100 300 300 
0101 600 600 
0110 1,200 1,200 
0111 1,050 2,000 
1000 2,400 2,400 
1001 4,800 4,800 
1010 7,200 1,800 
1011 9,600 9,600 
1100 38.4k 19.2k 
1101 Timer Timer 
1110 MP2 — 16X MP2 — 16X 
1111 MP2 — 1X MP2 — 1X 


The receiver clock is always a 16X clock, ex- 
cept for CSR[7:4] = 1111. When MPP2 is se- 
lected as the input, MPP2ais for channel a and 
MPP 2b is for channel b. 


CSR[3:] — Transmitter Clock Select 

This field selects the baud rate clock for the 
transmitter. The field definition is as shown in 
Table 3, except as follows: 


CSR[3:0] ACR[7}=0  ACR[7]=1 
1110 MPP1—16X MPP — 16X 
1111 MPP1-1X  MPP1-1X 


When MPP 1 is selected as the input, MPP 1lais 
for channel a and MPP 1b is for channel b. 


CR — Command Register 
CR is used to write commands to the Octal 
UART. 


CR[7:4] - Miscellaneous Commands 
The encoded value of this field can be used to 
specify a single command as follows: 


0000 
0001 


No command. 


Reset MR pointer. Causes the MR 
pointer to point to MR1. 


Reset receiver. Resets the receiv- 
er as if a hardware reset had been 
applied. The receiver is disabled 
and the FIFO pointer is reset to the 
first location. 

Reset transmitter. Resets the 
transmitter as if a hardware reset 
had been applied. 


0010 


0011 
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0100 + Reset error status. Clears the re- 
ceived break, parity error, framing 
error, and overrun error bits in the 
status register (SR[7:4]}. Used in 
character mode to clear OE status 
(although RB, PE, and FE bits will 
also be cleared), and in block 
mode to clear all error status after 
a block of data has been received. 
Reset break change _ interrupt. 
Causes the break detect change 
bit in the interrupt status register 
(ISR[2 or 6]) to be cleared to zero. 


Start break. Forces the TxD output 
low (spacing). If the transmitter is 
empty, the start of the break condi- 
tion will be delayed up to two bit 
times. If the transmitter is active, 
the break begins when transmis- 
sion of the character is completed. 
lf a character is in the THR, the 
start of break is delayed until that 
character or any others loaded af- 
ter it have been transmitted 
(TxEMT must be true before break 
begins). The transmitter must be 
enabled to start a break 


Stop break. The TxD line will go 
high (marking) within two bit times. 
TxD will remain high for one bit 
time before the next character, if 
any, Is transmitted. 

Assert RTSN. Causes the RTSN 
output to be asserted (Low). 


Negate RTSN. Causes the RTSN 
output to be negated (High). 


Set Timeout Mode On. The regis- 
ter in this channel will restart the C/ 
T as each receive character is 
transferred from the shift register 
to the RHR. The C/T is placed in 
the counter mode, the START/ 
STOP counter commands are dis- 
abled, the counter is stopped, and 
the Counter Ready Bit, ISR[3], is 
reset. 

Reserved. 

Disable Timeout Mode. This com- 
mand returns control of the C/T to 
the regular START/STOP counter 
commands. It does not stop the 
counter, or clear any pending inter- 
rupts. After disabling the timeout 
mode, a ‘Stop Counter’ command 
should be issued. 

Reserved. 

Reserved for testing. 


0101 


0110 


0111 


1000 
1001 


1010 


1014 
1100 


1101 
111x 


CR[3] — Disable Transmitter 

This command terminates transmitter opera- 
tion and resets the TxRDY and TxEMT status 
bits. However, if a character is being trans- 
mitted or if a character is in the THR when the 
transmitter is disabled, the transmission of the 
character(s) is completed before assuming the 
inactive state. 
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CR[2] — Enable Transmitter 
Enables operation of the transmitter. The 
TxRDY status bit will be asserted. 


CR[1] — Disable Receiver 

This command terminates operation of the re- 
ceiver immediately — a character being re- 
ceived will be lost. The command has no effect 
on the receiver status bits or any other control 
registers. If the special wake—up mode is pro- 
grammed, the receiver operates even if itis dis- 
abled (see Wake-up Mode). 


CR[0] — Enable Receiver 

Enables operation of the receiver. If not in the 
special wake-up mode, this also forces the re- 
ceiver into the search for start bit state. 


SR — Channel Status Register 


SR[7] — Received Break 

This bit indicates that an all zero character of 
the programmed length has been received 
without a stop bit. Only a single FIFO position 
is occupied when a break is received; further 
entries to the FIFO are inhibited until the RxDA 
line returns to the marking state for at least one- 
half bit time (two successive edges of the inter- 
nal or external 1x clock). 


When this bit is set, the change in break bit in 
the ISR (ISR[6 or 2}) is set. ISR[6 or 2] is also 
set when the end of the break condition, as de- 
fined above, is detected. The break detect cir- 
cuitry is capable of detecting breaks that 
originate in the middle of a received character. 
However, if a break begins in the middle of a 
character, it must last until the end of the next 
character in order for it to be detected. 


SR[6] — Framing Error (FE) 

This bit, when set, indicates that a stop bit was 
not detected when the corresponding data 
character in the FIFO was received. The stop 
bit check is made in the middle of the first stop 
bit position. 


SR[5]— Parity Error (PE) 

This bit is set when the ‘with parity’ or ‘force par- 
ity’ mode is programmed and the correspond- 
ing character in the FIFO was received with 
incorrect parity. In special ‘wake-up mode’, the 
parity error bit stores the received A/D bit. 


SR[4] — Overrun Error (OE) 

This bit, when set, indicates that one or more 
characters in the received data stream have 
been lost. Itis set upon receipt of anew charac- 
ter when the FIFO is full and a character is al- 
ready in the receive shift register waiting for an 
empty FIFO position. When this occurs, the 
character in the receive shift register (and its 
break detect, parity error and framing error sta- 
tus, if any) is lost. This bit is cleared by a reset 
error status command. 
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SR[3] - Transmitter Empty (TxEMT) 
This bit will be set when the transmitter under- 
runs, i.e., both the transmit holding register and 


the transmit shift register are empty. Itis set af-- 


ter transmission of the last stop bit of a charac- 
ter, If no character is in the THR awaiting 
transmission. ltis reset when the THRis loaded 
by the CPU, or when the transmitter is disabled. 


SR[2] — Transmitter Ready (TxRDY) 

This bit, when set, indicates that the THR is 
empty and ready to be loaded with a character. 
This bit is cleared when the THR is loaded by 
the CPU and is set when the character is trans- 
ferred to the transmit shift register. TxRDY is re- 
set when the transmitter is disabled and is set 
when the transmitter is first enabled, e.g., char- 
acters loaded in the THR while the transmitter 
is disabled will not be transmitted. 


SR[1] -— FIFO Full (FFULL) 

This bit is set when a character is transferred 
from the receive shift register to the receive 
FIFO and the transfer causes the FIFO to be- 
come full, i.e., all three FIFO positions are occu- 
pied. It is reset when the CPU reads the FIFO 
and there is no character in the receive shift 
register. If a character is waiting in the receive 
shift register because the FIFO is full, FFULLis 
not reset after reading the FIFO once. 


SR[0] — Receiver Ready (RxRDY) 

This bit indicates that a character has been re- 
ceived and is waiting in the FIFO to be read by 
the CPU. It is set when the character is trans- 
ferred from the receive shift register to the FIFO 
and reset when the CPU reads the RHR, and 
no more characters are in the FIFO. 


OPCR — Output Port 
Configuration Register 


OPCR{[7] — MPP Function Select 

When this bit is a zero, the MPP pins function 
as inputs, to be used as general purpose inputs 
Or as receiver or transmitter external clock in- 
puts. When this bitis set, the MPP pins function 
as outputs. MPP1 will be a TxRDY indicator, 
and MPP will be an RxRDY/FFULL indicator. 


OPCR{[6:4] - MPOb Output Select 
This field programs the MPOb output pin to pro- 
vide one of the following: 


000 Request-to-send active-Low out- 
put (RTSN). This output is as- 
serted and negated via the com- 
mand register. Mode RTSN can be 
programmed to be automatically 
reset after the character in the 
transmitter is completely shifted 
out or when the receiver FIFO and 
receiver shift register are full using 
MR2[5] and MR1[7], respectively. 
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001 The counter/timer output. In the 
timer mode, this outputis asquare 
wave with a period of twice the val- 
ue (in clock periods) of the con- 
tents of the CTUR and CTLR. In 
the counter mode, the output re- 
mains high until the terminal count 
is reached, at which time it goes 
low. The output returns to the High 

- $tate when the counter is stopped 
by a stop counter command. 


010 The 1X clock for the transmitter, 
which is the clock that shifts the 
transmitted data. If data is not be- 
ing transmitted, a non-synchro- 


nized 1X clock is output. 


011 The 16X clock for the transmitter. 
This is the clock selected by 
CSR[3:0}], and is a 1X clock if 
CSR[3:0] = 1111. 


100 The 1X clock for the receiver, 


which is the clock that samples the 
received data. If data is not being 
received, a non-synchronized 1X 
clock is output. 


101 The 16X clock for the receiver. This 
is the clock selected by CSR[7:4], 
and is a 1X clock if CSR[7:4] = 
Witt, 


110 The transmitter register empty sig- 
nal, which is the same as SR[3]. 


114 The receiver ready or FIFO full sig- 
nal. 


OPCR[3] — Power Down Mode Select 

This bit, when set, selects the power-down 
mode. In this mode, the 2698B oscillator is 
stopped and all functions requiring this clock 
are suspended. The contents of all registers are 
saved. It is recommended that the transmitter 
and receiver be disabled prior to placing the 
2698B in this mode. This bit is reset with RE- 
SET asserted. Note that this bit must be set to 
alogic 1 after power up. Only OPCR{3] in block 
A controls the power-down mode. 


OPCR[2:0] — MPOa Output Select 

This field programs the MPOa output pin to pro- 
vide one of the same functions as described in 
OPCRI[6:4]. 


ACR -— Auxiliary Control Register 


ACR[7] — Baud Rate Generator Set Select 
This bit selects one of two sets of baud rates 
generated by the BRG. 
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Set 1: 50, 110, 134.5, 200, 300, 600, 
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
and 38.4k baud. 

Set 2: 75, 110, 150, 300, 600, 1.2k, 1.8k, 


2.0k, 2.4k, 4.8k, 9.6k, 19.2k, and 
38.4k baud. 


The selected set of rates is available for use by 
the receiver and transmitter. 


ACR[6:4] — Counter/Timer Mode and Clock 
Source Select 

This field selects the operating mode of the 
counter/timer and its clock source (see Table 
4). 


The MPI pin available as the clock source is 
MPI a,c,e, and g only. 


Tabie 4. ACR[6:4] Operating 


Mode 


Clock Source 


MPI pin 

MPI pin divided by 16 
TxC-1XA_ clock of 
the transmitter 
Crystal or external 
clock (X1/CLK) 
divided by 16 

MPI pin 

MPI pin divided by 16 
Crystal or external 
clock (X1/CLK) 
Crystal or external 
clock (X1/CLK) 
divided by 16 


Counter 
Counter 
Counter 


Counter 


Timer 
Timer 
Timer 


Timer 


ACR[3:0] — MPi1b, MPI0Ob, MPita, MPI0a 
Change-of-State Interrupt Enable 

This field selects which bits of the input port 
change register (IPCR) cause the input change 
bit in the interrupt status register, ISR[7], to be 
set. If a bit is in the ‘on’ state, the setting of the 
corresponding bit in the IPCR will also result in 
the setting of ISR[7], which results in the gener- 
ation of an interrupt output if IMR[7] = 1. Ifa bit 
is in the ‘off’ state, the setting of that bit in the 
IPCR has no effect on ISR[7]. 


IPCR — Input Port Change 
Register 


IPCR[7:4] —-MPlI1b, MPI0b, MPi1a, MPl0a 
Change-of-State 

These bits are set when a change of state, as 
defined in the Input Port section of this data 
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sheet, occurs at the respective pins. They are 
cleared when the IPCR is read by the CPU.A 
read of the IPCR also clears ISR[7], the input 
change bit in the interrupt status register. The 
setting of these bits can be programmed to gen- 
erate an interrupt to the CPU. 


IPCR[3:0] ~ MPI1b, MP10b, MPl1a, MPI0a 
Change-of-State 

These bits provide the current state of the re- 
spective inputs. The information is unlatched 
and reflects the state of the inputs pins during 
the time the IPCR is read. 


ISR — Interrupt Status Register 
This register provides the status of all potential 
interrupt sources. The contents of this register 
are masked by the interrupt mask register 
(IMR). If a bit in the ISR is a ‘1' and the corre- 
sponding bit in the IMR is also a‘1', the INTRN 
output is asserted (Low). If the corresponding 
bit in the IMR is a zero, the state of the bit in the 
ISR has no effect on the INTRN output. Note 
that the IMR does not mask the reading of the 
ISR; the true status is provided regardless of 
the contents of the IMR. 


ISR[7] — MPI Change-of-State 

This bit is set when a change-of-state occurs at 
the MPI1b, MP1]Ob, MPI 1a, MPI0a input pins. It 
is reset when the CPU reads the IPCR. 


ISR[6] ~ Channel b Change in Break 

This bit, when set, indicates that the receiver 
has detected the beginning or the end of a re- 
ceived break. It is reset when the CPU issues 
a reset break change interrupt command. 


ISR[5] ~ Receiver Ready or FIFO Full 
Channel b 

The function of this bit is programmed by 
MR 1 [6]. If programmed as receiver ready, it in- 
dicates that a character has been received and 
is waiting in the FIFO to be read by the CPU. It 
is set when the character is transferred from the 
receive shift register to the FIFO and reset 
when the CPU reads the receiver FIFO. If the 
FIFO contains more characters, the bit will be 
set again after the FIFO is read. 


If programmed as FIFO full, it is set when a 
character is transferred from the receive hold- 
ing register to the receive FIFO and the transfer 
causes the FIFO to become full, i.e., all three 
FIFO positions are occupied. It is reset when 
FIFO is read and there is no character in the re- 
ceiver shift register. If there is a character wait- 
ing in the receive shift register because the 
FIFO is full, the bitis set again when the waiting 
character is transferred into the FIFO. 


ISR[4] — Transmitter Ready Channel b 
This bit is a duplicate of TxRDY (SR[2]). 
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ISR[3] — Counter Ready 

In the counter mode of operation, this bit is set 
when the counter reaches terminal count and 
is reset when the counter is stopped by a stop 
counter command. Itis initialized to ‘0’ when the 
chip is reset. 


In the timer mode, this bitis set once each cycle 


of the generated square wave (every other time 


the C/T reaches zero count). The bit is reset by 
a stop counter command. The command, how- 
ever, does not stop the C/T. 


ISR[2} —- Channel a Change in Break 

This bit, when set, indicates that the receiver 
has detected the beginning or the end of a re- 
ceived break. It is reset when the CPU issues 
a reset break change interrupt command. 


ISR[1] — Receiver Ready or FIFO Full 
Channel a 

The function of this bit is programmed by 
MR 1[6]. If programmed as receiver ready, it in- 
dicates that a character has been received and 
is waiting in the FIFO to be ready by the CPU. 
Itis set when the character is transferred from 
the receive shift register to the FIFO and reset 
when the CPU reads the receiver FIFO. If the 
FIFO contains more characters, the bit will be 
setagain after the FIFO is read. If programmed 
as FIFO full, it is set when a character is trans- 
ferred from the receive holding register to the 
receive FIFO and the transfer causes the FIFO 
to become full, i.e., all three FIFO positions are 
occupied. It is reset when FIFO is read and 
there is no character in the receiver shift regis- 
ter. If there is a character waiting in the receive 
shift register because the FIFO is full, the bit is 
set again when the waiting character is trans- 
ferred into the FIFO. 


ISR[0] — Transmitter Ready Channel a 
This bit is a duplicate of TxRDY (SR[2)). 


IMR — Interrupt Mask Register 

The programming of this register selects which 
bits in the ISR cause an interrupt output. If a bit 
in the ISR is a‘t' and the corresponding bit in 
the IMR is a ‘1’, the INTRN output is asserted 
(Low). If the corresponding bit in the IMR is a 
zero, the state of the bit in the ISR has no effect 
on the INTRN output. Note that the IMR does 
not mask reading of the ISR. 


CTUR and CTLR — Counter/Timer 


Registers 

The CTUR and CTLR hold the eight MSBs and 
eightLSBs, respectively, of the value to be used 
by the counter/timer in either the counter or tim- 
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er modes of operation. The minimum value 
which may be loaded into the CTUR/CTLR reg- 
isters is H'0002'. Note that these registers are 
write-only and cannot be read by the CPU. 


In the timer (programmable divider) mode, the 
C/T generates a square wave with a period of 
twice the value (in clock periods) of the CTUR 
and CTLR. If the value in CTUR or CTLR is 
changed, the current half-period will not be af- 
fected, but subsequenthalf-periods will be. The 
C/T will not be running until it receives an initial 
‘Start Counter’ command (read at adddress 
A3—A0 = 1110). After this, while in timer mode, 
the C/T will run continuously. Receipt of a sub- 
sequent sttart counter command causes the C/ 
T to terminate the current timing cycle and to 
begin anew cycle using the values inthe CTUR 
and CTLR. 


The counter ready status bit (ISR[3]) is setonce 
each cycle of the square wave. The bit is reset 
by a stop counter command read with A3—A0 = 
H'F’). The command, however, does not stop 
the C/T. The generated square wave is output 
on MPO if it is programmed to be the C/T out- 
put. 


In the counter mode, the C/T counts down the 
number of pulses loadedin CTURand CTLR by 
the CPU. Counting begins upon receipt of a 
start counter command. Upon reaching the ter- 
minal count H‘0000’, the counter ready inter- 
rupt bit (ISR[3]) is set. The counter continues 
counting past the terminal count until stopped 
by the CPU. If MPO is programmed to be the 
output of the C/T, the output remains High until 
the terminal count is reached, at which time it 
goes Low. The output returns to the High state 
and ISR[3] is cleared when the counter is 
stopped by a stop counter command. The CPU 
may change the values of CTUR and CTLR at 
any time, but the new count becomes effective 
only on the next start counter command. If new 
values have not been loaded, the previous val- 
ues are preserved and used for the next count 
cycle. 


Inthe counter mode, the current value of the up- 
per and lower eight bits of the counter (CTU, 
CTL) may be read by the CPU. It is recom- 
mended that the counter be stopped when 
reading to prevent potential problems which 
may occur if a carry from the lower eight bits to 
the upper eight bits occurs between the times 
that both halves of the counter is read. Howev- 
er, note that a subsequent start counter com- 
mand will cause the counter to begin a new 
count cycle using the values in CTUR and 
CTLR. 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING UNIT | 












Tx [Operating abiontiomperaturerange® | Nowa | °C 
i eee 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other condition above those indicated in the operation section of this specification is not implied. 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Parameters are valid over specified temperature range. See ordering information table for applicable temperature range and operating supply 
range. 


DC ELECTRICAL CHARACTERISTICS! 2: 3 


SYMBOL PARAMETER TEST CONDITIONS 


LIMITS 
































ee 

Vit Input low voltage 
Vi Input high voltage (except X1/CLk) 2.0 
Vin Input high voltage (X1/CLK) 0.8Vcc 
Vou Output Low voltage lo. = 2.4mA 0.4 
Vou Output High voltage (except OD outputs) lon = —400pA 0.8Vcc 

lon = —100pA 0.9Vcc 
li Input current Low, MPI and MPP pins Vin =0 —50 
li Input current High, MPI and MPP pins Vin = Voc 20 

ir] lnputleakage current “10 ;10_| 


100 


hex X1/CLK input Low current Vin = GND, X2 = open 

hx X1/CLK input High current Vin = Voc, X2 = open 

lozH Output off current High, 3-State data bus Vin = Voc 

loz Output off current Low, 3-State data bus Vin = 0 

loot Open-drain output Low current in off state: IRQN Vin = Vec -10 

lODH Open-drain output Low current in off state: IRQN Vin = 0 

Power supply current 
loc Operating mode 
[Powerdownmee —SCSC~“‘*é‘“SSC‘“‘CSSCONC#C#‘( 

NOTES: 


1. Parameters are valid over specified temperature range. See ordering information table for applicable temperature range and operating supply 
range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 20ns 

maximum. For X1/CLK this swingis between 0.4V and4.4V. Alltime measurements are referenced at input voltages of V;_ and Vjy, as appropriate. 

Typical values are at +25°C, typical supply voltages, and typical processing parameters. 

Test condition for interrupt and MPP outputs: C, = 50pF, R, = 2.7kQ to Vcc. Test conditions for rest of outputs: C, = 150pF. 

Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing’ input. CEN and 

RDN (also CEN and WRN) are ANDediinternally. As aconsequence, the signal asserted last initiates the cycle and the signal negated first termi- 

nates the cycle. 

6. If CEN is used as the ‘strobing’ input, the parameter defines the minimum high times between one CEN and the next. The RDN signal must be 

negated for tawp guarantee that any status register changes are valid. 

Consecutive write operations to the command register require at least three rising edges of the X1 clock between writes. 

This value is not tested, but is guaranteed by design. 


meh 
oO 


w 
Oo 


= 


a 
Oo 
nm ok 
oO © 





OF 


2” 
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AC ELECTRICAL CHARACTERISTICS: 2. 3.4 


SYMBOL | FIGURE PARAMETER 


| Min | Typ _| 
Reset timing 
ines | 9 _[ResetpusowahSSC—=~“—*~s*s“‘“‘*~*~*—‘“‘*‘“*é‘“sC(OSYTSSC‘dYT Sid 


Bus timing® 
4 AO-AS5 setup time to RDN, WRN Low 
tres AO—-AS5 hold time from RDN, WRN High 






















3 
n 


tREs 


aS 
n 


tos® CEN setup time to RDN, WRN Low 
tou® 4 CEN hold time from RDN, WRN High 


trw 


a 
n 


> 
n 


top 


n 


tor 


o 
a” 


MPI and MPO timing® 


5 MPI or MPP input setup time before RDN Low 


tey 5 MPI or MPP input hold time after RDN High 


MPO output valid from 
WRN High 


10 

00 

25 
Data valid after RDN Low 

00 

10 


yn 


1 
WRN, RDN pulse width Low 2 
i 1 


N 
o 
© 
n w wn 


cr 
oO 
aE 





_ 
Uv 
on 





tpo 


RDN Low 








Interrupt timing 


INTRN negated or MPP output High from: 

Read RHR (RxRDY/FFULL interrupt) 
Write THR (TxRDY interrupt) 
Reset command (break change interrupt) 
Reset command (MPI change interrupt) 
Stop C/T command (counter interrupt) 

Write IMR (clear of interrupt mask bit) 


X1/CLK high or low time 


tir 












> 30505959 5 
Nnnannann 








Clock timing 





g 
x 


- 
a 
x< 
ele 
. NM 
© 


3 
n yn 


i fae 
she 
ae 
fax RxC frequency (16X) 2.0 MHz 
RxC frequency (1X) 08 1.0 MHz 


trx 7 TxC high or low time tell ns 
try 7 TxC frequency (16X) of 2.0 MHz 
TxC frequency (1X) 08 1.0 MHz 


Transmitter timing 


TxD output delay from TxC low 
TxC output delay from TxD output data 


RxD data setup time to RxC high 5 


0 
RxD data hold time from RxC high 100 





350 
5 


ttxD 


ale 
Pp 
n 


tres 
Receiver timing 





taxs 


it : 
rp 
~ nn 


tRxH 
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INTRANANTRDN, 
MPP1a—MPPth, 
MPP2a—MPP2h 


De-D7, 
TxDa-TxDh, 
MPOa-MPOh 


Figure 2. Test Conditions on Outputs 





Figure 3. Reset Timing 


tps 


bo-D7 


VALID 
(WRITE) ; 





Figure 4. Bus Timing 
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OLD DATA NEW DATA 


Figure 5. Port Timing 


INTERRUPT! 
OUTPUT 


RON 


INTERRUPT! 


OUTPUT she tale ye 


NOTES: 

1, INCLUDES MPP WHEN USED AS TxRDY or RxDY/FFULL OUTPUTS AS WELL AS INTRN. 

2. THE TEST FOR OPEN DRAIN OUTPUTS IS INTENDED TO GUARANTEE SWITCHING OF THE OUTPUT TRANSISTOR. MEASUREMENT OF THIS RESPONSE iS REF- 
ERENCED FROM THE MIDPOINT OF THE SWITCHING SIGNAL, Vy, TO A POINT 0.5V ABOVE Vo . THIS POINT REPRESENTS NOISE MARGIN THAT ASSURES TRUE 
SWITCHING HAS OCCURRED. BEYOND THIS LEVEL, THE EFFECTS OF EXTERNAL CIRCUITRY AND TEST ENVIRONMENT ARE PRONOUNCED AND CAN GREATLY 
AFFECT THE RESULTANT MEASUREMENT. 


Figure 6. Interrupt Timing 
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tCLK +5V 


X1/CLK 
CTCLK 
RxC 
Tx 


X1 


NC Re 





tTx 





C1 = C2 = 24pF FOR C, = 20PF SCC2698B 


TO INTERNAL CLOCK DRIVERS 


4pF 
t 


NOTE: 
C1 AND C2 SHOULD BE BASED ON MANUFACTURER'S SPECIFICATION. 


TYPICAL CRYSTAL SPECIFICATION 


FREQUENCY: 2 —-4MHZ 
LOAD CAPACITANCE (C,): 12 — 32pF 
TYPE OF OPERATION: PARALLEL RESONANT, FUNDAMENTAL MODE 


Figure 7. Clock Timing 


1 BIT TIME 
(1 OR 16 CLOCKS 


Txc 
(INPUT) 


TxC 
(1X OUTPUT) 


Figure 8. Transmit Timing 


RxC 
(1X INPUT) 


Figure 9. Receive Timing 
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TRANS- 
MITTER 
ENABLED / 


D5 WILL 
NOT BE 
TRANSMITTED 


RTSN2 
(MPO) 


CR[7:4] = 1010 CR[7:4] = 1010 


NOTES: 
1. TIMING SHOWN FOR MR2[4] = 1. 
2. TIMING SHOWN FOR MR2[5] = 1. 


Figure 10. Transmitter Timing 


RxD 


RECEIVER 
ENABLED 


RxRDY 
(SRO) 


FFULL 
(SR1) 


RxRDY/ 
FFULL 
MPO2 


7 
RDN S = STATUS 
D = DATA 
D5 WILL 
OVERRUN BE LOST RESET BY 
(SR4) COMMAND 


Rts! 
MPO 


MPO = 1 (CR[7:4] = 1010) 


NOTES; 
1. TIMING SHOWN FOR MR1[7] = 1. 
2. SHOWN FOR OPCR [6:4, 2:0] = 111 AND MR1[6] = 0. ; 
Figure 11. Receiver Timing 
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MASTER STATION BIT 9 BIT 9 BIT 9 


ae A a ae ee 


TRANSMITTER 
ENABLED | | 


| | 
TxRDY rr 
(SR2) 2 b rm 
CSN y y Dea ee ge yt 
(WRITE] 
MRi [4:3] = 11 ADD#1 MR1[2]=0 DO MRi[2}= 1 ADD#2 


MA1 [2] = 1 


PERIPHERAL STATION 
BIT 9 BIT 9 BIT 9 BIT 9 BIT 9 


or 
rx | jo favo} | 
| a | Ly 
RECEIVER | ; | 
ENABLED | | 
| | 


RxRDY 
(SRO) 


nn 


a, 


S = STATUS 
MR1 [4:3] = 11 D = DATA 


RON/WRN 


Figure 12. Wake-Up Mode 
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DESCRIPTION 

The Signetics SCN26562 Dual Universal 
Serial Communications Controller 
(DUSCC) is a single-chip MOS-LSI 
communications device that provides 
two independent, multi-protocol, 
full-duplex receiver/transmitter channels 
in a single package. It supports 
bit-oriented and character-oriented (byte 
count and byte control) synchronous 
data link controls as well as 
asynchronous protocols. The SCN26562 
interfaces to synchronous bus MPUs 
and is capable of program-polled, 
interrupt driven, block-move or DMA 
data transfers. 





Document No. 






ECN No. 






Date of Issue 









The operating mode and data format of 
each channel can be programmed 
independently. Each channel consists of 
a receiver, a transmitter, a 16-bit 
multi-function counterAimer, a digital 
phase-locked loop (DPLL), a parity/CRC 
generator and checker, and associated 
control circuits. The two channels share 
a common bit rate generator (BRG), 
operating directly from a crystal or an 
external clock, which provides 16 
common bit rates simultaneously. The 
operating rate for the receiver and 
transmitter of each channel can be 
independently selected from the BRG, 
the DPLL, the counter/timer, or from an 
external 1X or 16X clock, making the 
DUSCC well suited for dual-speed 
channel applications. Data rates up to 
4Mbits per second are supported. 


TxDAKBN/ 
GPI2BN 


RTxDRQBN/ 
GPO1BN 
TxDRQBN/ 
GPO2BN/RTSBN 


CTSBN/LCBN 


The transmitter and receiver each 
contain a four-deep FIFO with appended 
transmitter command and receiver 
status bits and a shift register. This 
permits reading and writing of up to four. 
characters at atime, minimizing the 
potential of receiver overrun or 


transmitter underrun, and reducing 
interrupt or DMA overhead. In addition, 
a flow control capability is provided to 
disable a remote transmitter when the 
FIFO of the local receiving device is full. 


Two modem control inputs (DCD and 
CTS) and three modem control outputs 
(RTS and two general purpose) are 


SCN26562 


Dual universal serial 
communications controller (DUSCC) 


PIN DESCRIPTIONS 
N PACKAGE 


A PACKAGE 


INDEX 


CORNER 


RTxDAKAN/ 
GPI1AN 


TxDAKAN/ 
GPI2AN 


TxDRQAN/ 
GPO2AN/RTSAN 
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TOP VIEW 
PIN FUNCTION 


Al 
RTxDAKBN/ 
GPI1BN 
IRQN 

NC 

RDYN 
RTSBN/ 
SYNOUTBN 
TRxCB 
RTxCB 
DCDBN/ 
SYNIBN 

NC 

RxDB 
TxDB 
TxDAKBN/ 
GPI2BN 
RTxDROBN/ 
GPO1BN 
TxDRQBN/ 
GPO2BN/RTSBN 
CTSBN/LCBN 





CTSAN/LCAN 

TxDRQAN/ 

GPO2AN/RTSAN 

RTxDRQAN/ 

GPO1AN 

TxDAKAN/ 

GPI2AN 
TxDA “ 


SYNOUTAN 
X2 

X1/CLK 
RTxDAKAN/ 


AS 
A4 


Voc 


provided. Because the modem control 
inputs and outputs are general purpose 
in nature, they can be optionally 
programmed for other functions. 


This document contains the electrical 
specifications for the SCN26562. 
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FEATURES 


General Features 

© Dual full-duplex synchronous/asynchro- 
nous receiver and transmitter 

© Multiprotocol operation — 


— BOP: HDLC/ADCCP, SDLC, SDLC loop, 
X.25 or X.75 link level, etc. 


~ COP: BISYNC, DDCMP 
— ASYNC: 5-8 bits plus optional parity 


® Four character receiver and transmitter 
FIFOs 


® 0 to 4Mbit/sec data rate: 


® Programmable bit rate for each receiver 
and transmitter selectable from: 
~ 16 fixed rates: 50 to 38.4k baud 


~ One user-defined rate derived from 
programmable counter/timer 


— External 1X or 16X clock 
~ Digital phase-locked loop 


® Parity and FCS (frame check sequence 
LRC or CRC) generation and checking 


® Programmable data encoding/decoding: 
NRZ, NRZI, FMO, FM1, Manchester 


® Programmable channel mode: full- and 
half-duplex, auto-echo, or local loopback 


® Programmable data transfer mode: polled, 
interrupt, DMA, wait 
® DMA interface 
~ Single- or dual-address dual transfers 
— Half- or full-duplex operation 
— Automatic frame termination on 
counter/timer terminal count or DMA 
EOPN input 
® Interrupt capabilities 
- Vector output (fixed or modified by 
status) 
~ Programmable internal priorities 
— Maskable interrupt conditions 


@ Multi-function programmable 16-bit 
counter/timer 
— Bit rate generator 
— Event counter 


— Count received or transmitted characters 


— Delay generator 


ORDERING INFORMATION 


DESCRIPTION 


48-Pin Plastic DIP 
52-Pin PLCC 
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Voc = +5V 45%, Ta = 0°C to +70°C 


Serial Data Rate = 
2.5Mbps Maximum 


SCN26562C2N48 
SCN26562C2A52 


— Automatic bit length measurement 


® Modem controls 


-— RTS, CTS, DCD, and up to four general 
purpose pins per channel 


~ CTS and DCD programmable 
auto-enables for Tx and Rx 


— Programmable interrupt on change of 
CTS or DCD 


® On-chip oscillator for crystal 
@ TTL compatible 
® Single +5V power supply 


Asynchronous Mode Features 
® Character length: 5 to 8 bits 


®@ Odd or even parity, no parity, or force parity 


® Up to two stop bits programmable in 
1/16-bit increments 


@ 1X or 16X and Tx clock factors 
® Parity, overrun, and framing error detection 
© False start bit detection 


® Start bit search 1/2-bit time after framing 
error detection 


@ Break generation with handshake for 
counting break characters 


® Detection of start and end of received 
break 


® Character compare with optional interrupt 
on match 


®@ Transmits up to 4Mbit/sec data rate 
Receives up to 2Mbit/sec data rate 


Character-Oriented Protocol 
Features 
® Character length: 5 to 8 bits 


® Odd or even parity, no parity, or force parity 
® LRC or CRC generation and checking 

® Optional opening PAD transmission 

® One or two SYN characters 

@ External sync capability 

® SYN detection and optional stripping 

@ SYN or MARK linefill on underrun 





Serial Data Rate = 
4Mbps Maximum 


SCN26562C4N48 
SCN26562C4A52 
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@ Idle in MARK or SYNs 


® Parity, FCS, overrun, and underrun error 
detection 


BISYNC Features 


® EBCDIC or ASCil header, text and contro! 
messages 


® SYN, DLE stripping 


© EOM (end of message) detection and 
transmission 


® Auto transparent mode switching 


© Auto hunt after receipt of EOM sequence 
(with closing PAD check after EOT or NAK) 


®@ Control character sequence detection for 
both transparent and normal text 


Bit-Oriented Protocol Features 
® Character length: 5 to 8 bits 


® Detection and transmission of residual 
character: 0O—7 bits 


® Automatic switch to programmed character 
length for | field 


@ Zero insertion and detection 
®@ Optional opening PAD transmission . 


® Detection and generation of FLAG, 
ABORT, and IDLE bit patterns 


® Detection and generation of shared (single) 
FLAG between frames 


® Detection of overlapping (shared zero) 
FLAGs | 


® ABORT, ABORT-FLAGs, or FCS FLAGs 
linefill on underrun 


@ Idle in MARK or FLAGs 


® Secondary address recognition including 
group and global address 


@ Single- or dual-octet secondary address 
@ Extended address and control fields 
® Short frame rejection for receiver - 


® Detection and notification of received end 
of message 


® CRC generation and checking 


@ SDLC loop mode capability 
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BLOCK DIAGRAM 


CHANNEL 
MODE AND 
TIMING A/B 


DPLL CLK 
MUX A/B 
BUS 
BUFFER DPLLA/B 
INTERFACE/ 
OPERATION COUNTER 


CONTROL TIMER NE 


ADDRESS 
DECODE 


RW 
ADYN DECODE 
WRN 
DMA 
RDN MPU CONTROL 
AIAG INTERFACE 
CEN 
RESETN 


TRSRA/B 


ICTSRA/B oe 
RTxDRQAN/GPO1AN | _Gsr_| 
CMR1A/B SERRE 
RTxDRQBN/GPO1BN CMR2A/B TTRA/B 
TxDRQAN/GPO2AN TX SHIFT 
TxDRQBN/GPO2BN ar REG TxD A/B 
RTxDAKAN/GPI1TAN INTERFACE TRANSMIT 
RTxDAKBN/GPI1BN 2 A oS. 
TxDAKAN/GPI2ZAN 
TxDAKBN/GPI2BN CRC 
EOPN GENERATOR 
SPEC CHAR 


GEN LOGIC 


C/T CLK 
MUX A/B 


CTCRA/B 
CTPRHA/B 
CTPRLA/B 

CTHA/B 
CTLA/B 


ll 
ee 


TRANSMIT 
A/B 


INTERNAL BUS 


CONTROL 


TRxCA/B 


RTxCA/B 
CTSAN/LCAN 
CTSBN/LCBN SPECIAL RECEIVER 


FUNCTION A/B 
DCDBN/SYNIBN PINS 


DCDAN/SYNIAN 
RTSBN/SYNOUTBN 
RTSAN/SYNOUTAN | 


S1RA/B 
INTERRUPT S2RA/B 


CONTROL 


RxD A/B 
ICRA/B RCVR 
SHIFT REG 
RECEIVER 


BISYNC 
X1/CLK COMPARE 


x2 OSCILLATOR LOGIC 
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PIN fenoee | Pane 


MNEMONIC TYPE NAME AND FUNCTION 
4-2 


A1—A6 : Address lines. 


DO~—D7 ~28, , Bidirectional data bus. 


RDN Read strobe. 

WRN | Write strobe. 

CEN | Chip select. 

RDYN 7 8 Ready. 

IRQN 6 6 Interrupt request. 

IACKN Interrupt acknowledge. 

X1/CLK Crystal 1 or external clock. 

X2 Crystal 2. 

RESETN Master reset. 

RxDA, RxDB ; ; Channel A (B) receiver serial data. 
TxDA, TxDB ; Channel A (B) transmitter serial data. 


RTxCA, ; Channel A (B) receiver/transmitter clock. 
RTxCB 


TRxCA, ; Channel A (B) transmitter/receiver clock. 
TRxCB 


CTSA/BN, ; Channel A (B) clear-to-send input or loop control output. 
LCA/BN 


DCDA/BN, Channel A (B) data carrier detected or external sync. 
SYNIA/BN 


RTxDRQA/BN, ; Channel A (B) receiver/transmitter DMA service request or general purpose output. 
GPO1A/BN 


TxDRQA/BN, ; Channel A (B) transmitter DMA service request, general purpose output or request-to-send. 
GPO2A/BN, 
RTSA/BN 


RTXxDAKA/BN, ; Channel A (B) receiver/transmitter DMA acknowledge or general purpose input 1. 
GPI1A/BN 


TxDAKA/BN, ; Channel A (B) transmitter DMA acknowledge or general purpose input 2. 
GPI2A/BN 


EOPN DMA transfer complete. 


RTSA/BN, : Channel A (B) request-to-send or Sync detect. 
SYNOUTA/BN 


Power input. 


Signal and power ground. 
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ABSOLUTE MAXIMUM RATINGS! 


Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operation section of this specification is not 
implied. 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature and thermal resistance 
of 36°C/W junction to ambient for ceramic DIP, 40°C/W for plastic DIP, and 42°C/W for PLCC. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 


DC ELECTRICAL CHARACTERISTICS}: 2 T, = 0°C to +70°C, Vcc = 5.0V +5% 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | Min | Typ | Max | 
Vit Input low voltage: 
All except X1/CLK 0.8 
X1/CLK 0.4 
Vin Input high voltage: 
All except X1/CLK 2.0 
X1/CLK 2.4 Voc 
Output low voltage: Ll 


All except IRQN 
IRQN 
lexy X1/CLK input low current* Vin = 0, X2 = GND 5.5 
laxd X1/CLK input high current* Vin = Vec, X2 = GND 
ln xe X2 input low current* Vin = 0, X1 = open —100 
liye X2 input high current* Vin = Vec, X1 = open 











UNIT 


































lo. =53mA 
lot =88mA 


lo = —400pA 












hain 4 Input leakage current Vin = 0 to Voc 


lozH Output off current high, 3-State data bus Vin = Veco 
loz. Output off current low, 3-State data bus Vin =0 


NOTES: 


1. Parameters are valid over specified temperature range. 


2. All voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a transi- 
tion time of 20ns maximum. For X1/CLK, this swing is between 0.4V and 2.8V. All time measurements are referenced at input voltages of 
0.8V and 2.0V and output voltages of 0.8V and 2.0V, as appropriate. 

3. These values were not explicitly tested; they are guaranteed by design and characterization data. 

4. X1/CLK and X2 are not tested with a crystal installed. 


(Except open drain outputs) 


O° 
onan 


aps posfel> fesfaale a= fee <= fe 








Open drain output low current in off 
state: EOPN 

IRQN, RDYN 
Open drain output high current in off 
state: EOPN, IRQN, RDYN 


Input capacitance? 
Output capacitance? 
Input/output capacitance? 


Output high voltage: 
2.4 
Input low current 
IL RESETN, TxDAKN, RxDAKN Vin = 0 —40 
—5 
—5 





mA 





0.0 
1.0 
100 
5 
5 
—25 
5 
275 
10 
15 
20 


pF 
pF 
pF 
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AC ELECTRICAL CHARACTERISTICS: 2 3: 4 T, = 0°C to +70°C, Voc = 5V +5% 






RESETN 


'{RELREH 


Figure 1. Reset Timing 


NOTES: 

1. Parameters are valid over specified temperature range. . 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a transi- 
tion time of 20ns maximum. For X1/CLK, this swing is between 0.4V and 2.8V. All time measurements are referenced at input voltages of 
0.8V and 2.0V and output voltages of 0.8V and 2.0V, as appropriate. 

3. See Figure 17 for test conditions for outputs. 

4. Tests for open drain outputs are intended to guarantee switching of the output transistor. Measurement of this response is referenced from 
midpoint of the switching signal to a point 0.2V above the actual output signal level. This point represents noise margin that assures true 
switching has occurred. 







LIMITS 


a ae 
[eran | RESET owoReSEINN ——SC—=~‘idS te | Sd Pd 














tADVRDL tCEHCEL 
tRDHCEH 


tRDLADI 


tRDHRDL 
tRDLDDV eo {RDHDDF 
Do-07 ee 
i perl 
| 
fe 


'ROLRYL tRYZDDV 'RDHDDI 
'RDYN 


Peon 
NOTES: 


1. Wait on Rx. Receiver FIFO empty. 

2. Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing' input. CEN and RDN 
(also CEN and WRN) are ANDed internally. As a consequence, the signal asserted last initiates the cycle and the signal negated first terminates the 
cycle. 


Figure 2. Read Cycle 


LIMITS 


SYMBOL PARAMETER SCN26562C4 SCN26562C2 


tapVRDL Address valid to RDN low 10 
tcELRDL CEN low to RDN low 0 
tRoLaDI RDN low to address invalid 150 
tRoLAyL RDN low to RDYN low 

tRDLDDV RDN low to read data valid 

tapLRDH RDN low to RDN high 

tryzppv RDYN high impedance to read data valid 

tRDHCEH RDN high to CEN high 

tcEHCEL CEN high to CEN low © 

tapHDo! RDN high to read data invalid 

tRoHRDL RDN high to RDN low 

tRoHDDE RDN high to data bus floating 





October 30, 1990 272 


Philips Components—Signetics Data Communication Products Product Specification 





Dual universal serial communications controller N26562 
(DUSCC) " 





AC ELECTRICAL CHARACTERISTICS (Continued) 


tADVWRL 
tWRHCEH 


oe tCEHCEL 


tWRLADI 


tWRLWRH 


tWRHWRL 


tWDVWRH tWRHWDI 


tWRLRYL 
RDYN 


1 ¢ 
a — —f 
NOTES: 
1. Wait on Tx. Transmitter FIFO full. 
2. Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the ‘strobing’ input. CEN and RDN 
(also CEN and WRN) are ANDed internally. As a consequenca, the signal asserted last initiates the cycle and the signal negated first terminates the 
cycle. 





Figure 3. Write Cycle 











LIMITS 


SYMBOL PARAMETER SCN26562C4 SCN26562C2 UNIT 


| Max 























Address valid to WRN low 
CEN low to WRN low 


tADVWRL 
tCELWAL 













tWRLRYL WRN low to READY low 
tWRHCEH WRN high to CEN high 
twRLWRH WRN low to WRN high 
twovwRH Write data valid to WRN high 
tCEHCEL CEN high to CEN low 
tWRLADI WRN low to address invalid 
tWRHWAL WRN high to WRN low 


twRHwo} WRN high to write data invalid 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


INTERRUPT REQUEST LOCKED 
jIRQN 


VECTOR 
LOCKED 











@ roumne 
ROUTINE 
Cleared 
through 
software 
[| No 
(A) 
aos 


CaaS 6) 
SO pacaeremal Ny 


YAHDDI YAHDDF 


YALDDV 


NOTES: 
(A) ICR[5:4] = 01 or 10 (mode 1 or mode 2) 


Call instruction (mode 2) 
(©) ICRI5:4] = 11 (mode 3) 
Figure 4. Interrupt Acknowledge Cycle 


LIMITS 
SYMBOL PARAMETER SCN26562C4 SCN26562C2 UNIT 
ns 


tiaLDDv IACKN low to data bus valid 280 280 
tlAHDDE IACKN high to data bus floating 150 150 ns 
10 


tiaHDD! IACKN high to data bus invalid 10 ns 















twRHGOV 


OLD DATA Cj NEW DATA 





Figure 5. Output Port Timing 










LIMITS 


SYMBOL PARAMETER SCN26562C4 SCN26562C2 UNIT 
WRN high to GPO output data valid a ee 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


tGIVRDL 





Figure 6. Input Port Timing 













LIMITS 


SYMBOL PARAMETER SCN26562C4 SCN26562C2 UNIT 


taivADL GPI input valid to RDN low 20 20 ns 
trovaii RDN low to GP! input invalid 100 100 ns 










tCLHCLL 

tCCHCCL 

tRCHRCL 

tTCHTCL 
X1/CLK 


tCLLCLH 
tCCLCCH 
tRCLRCH 
tTCLTCH 


Figure 7. Clock Timing 


LIMITS 


[win [tye [wax | _Min [typ [Wax 


tCLHCLL X1/CLK high to low time 
tCLLCLH X1/CLK low to high time 
tocHCCL C/T CLK high to low time 
tcCLOCH C/T CLK low to high time 
tRcHRCL RxC high to low time 
tRcLRCH RxC low to high time 
tTCHTCL TxC high to low time 
tCLTCH TxC low to high time 

for X1/CLK frequency 14.7456 14.7456 
foc C/T CLK frequency 

frac RxC frequency (16X or 1X) 
ftc TxC frequency (16X or 1X) 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


1 BIT TIME 
(1 OR 16 CLOCKS) 


tCILTXV 


‘COLTXV 


TxC 
(1X OUTPUT) 


Figure 8. Transmit Timing 


samen as 
SYMBOL PARAMETER ss — Soneereate | UNIT 
tcILTXv TxC input low (1X) to TxD output _—Mex | S| 
TxC input low (16X) to TxD output os 
tCOLTXV TxC output oy to iD output 


— tRCHSOL 
SYNOUTN 


‘SILRCH 


tRCHSIH 


RXC (1X) 
INPUT 
















Ne ee 


Figure 9. Receive Timing 


LIMITS 


SYMBOL PARAMETER SCN26562C4 SCN26562C2 UNIT 


traxVACH RxD data valid to RxC high: 

For NRZ data 
tacHaxi For NRZI, Manchester, FMO, FM1 data 

RxC high to RxD data invalid: 
For NRZ data . 

For NRZI, Manchester, FMO, FM1 data 
tsILRCH SYNIN low to RxC high 
tRcHSIH RxC high to SYNIN high 265 


tRCHSOL RxC high to SYNOUT low 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


tWRHEOZ 


EOPN 


(ees tWRLEOL 


RTxDRQN OR 
TxDRQN 


tWRLTRH 


tEILWRH 


(@) The TxFIFO is addressed during this write cycle. 


Figure 10. Transmit Dual Address DMA Timing 


tWRLTRH WRN low to Tx DMA REQN high 320 

tWRLEOL WRN low to EOPN output low 225 ns 
twAHEOz WRN high to EOPN output high impedance ns 
teILWRH EOPN input low to WRN high we 
tWRHEIH WRN high to EOPN input high ns 


LIMITS . 
SYMBOL PARAMETER SCN26562C4 SCN26562C2 UNIT 
ns 





October 30, 1990 277 


Philips: Components—Signetics Data Communication Products - Product Specification 





Dual universal serial communications controller | | - 
| | N26562 
(DUSCC) SCN26562 





AC ELECTRICAL CHARACTERISTICS (Continued) 








RTxDRQN 


tRDHEOZ 


EOPN © 
(OUTPUT) 


(A) The RxFIFO is addressed during this read cycle. 


Figure 11. Receive Dual Address DMA Timing 












LIMITS 

SYMBOL PARAMETER SCN26562C4 SCN26562C2 UNIT 

tapcaad RDN low to Rx DMA REQN high | 320 320 ns | 
tRoLEOL RDN low to EOPN output low 300 300 ns 
tapoHEOz RDN high to EOPN output high impedance 225 225 ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


TxRQN , 


tTAHTAL tTALTRH 


TxDAKN 


tTALTAH 


tTAHEIH 


EOPN y 
(INPUT) 


tWDVTAH 1 tTAHWDI 


'TAHEOF 


ea tTALEOL 


(OUTPUT) 


NOTES: 
(A) Ignored by the DUSCC since CEN is not asserted, but it can be used externally to qualify TxDAKN. 


Memory read signal; not seen by DUSCC. 


Figure 12. DMA—Transmit Single Address Mode 


LIMITS 


SYMBOL PARAMETER SCN26562C4 SCN26562C2 UNIT 


trAHTAL Transmit DMA ACKN high to low time 
tTALTAH Transmit DMA ACKN low to high time 
tTALTRH Tx DMA ACKN low to Tx DMA REQN high 
twDVTAH Write data valid to Tx DMA ACKN high 
traHwo! Tx DMA ACKN high to write data invalid 
traLEOL Tx DMA ACKN low to EOPN output low 
tTAHEOF Tx DMA ACKN high to EOPN output float 
tEILTAH EOPN input low to Tx DMA ACKN high 
tTAHEIH Tx DMA ACKN high to EOPN input high 
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AC ELECTRICAL CHARACTERISTICS (Continued) 





RxDRON : ~y 


RxDAKN . 


EOPN 
(OUTPUT) 


tRALRRH 


tRALEOL 


{RAHEOF 


tRALDDV tRAHDDI 


tRAHDDF 


NOTES: ; 
(A) Ignored by the DUSCC bit; it can be used to qualify RxDAKN. 


Memory read signal; not seen by DUSCC. 


Figure 13. DMA-Receive Single Address Mode 


LIMITS 


SYMBOL PARAMETER SCN26562C4 SCN26562C2 UNIT 


tRAHRAL Receive DMA ACKN high to low time 
tRALRAH Receive DMA ACKN low to high time 
tRALRRH Rx DMA ACKN low to Rx DMA REQN high - 
tRaALEOL Rx DMA ACKN low to EOPN output low 
tRAHEOF Rx DMA ACKN high to EOPN output float 
tRALDDV Rx DMA ACKN low to read data valid 
tRAHDDI Rx DMA ACKN high to read data invalid 
tRAHDDF Rx DMA ACKN high to data bus float 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


RDN/WRN 


Vor +0.2V 


Figure 14. Interrupt Timing 













LIMITS 


SYMBOL PARAMETER SCN26562C4 SCN26562C2 UNIT 


















RDN/WRN high to IRQN high for: 
Read RxFIFO (RxRDY interrupt) 
Write TxFIFO (TxRDY interrupt) 
Write RSR (Rx condition interrupt) 
Write TRSR (Rx/Tx interrupt) 

Write ICTSR (counter/timer interrupt) 


tRWHIRH 








X1/CLK 


COMMAND 
VALID 


Figure 15. Command Timing 
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a. Loop Contro! Output Assertion 


b. Loop Control Output Negation 


Figure 16. Relationship Between Received Data and the Loop Control Output 








2.7K 


IRQN ee a re Vpp 


50pF 


N}- 


8202 


RDYN ee ns +5.0V 


150pF 


ALL OTHER 


OUTPUTS +5,0 





NOTE: 
All C, includes 50pF stray capacitance, 
i.e., C, = 150pF = 100pF discrete +50pF stray. 


Figure 17. Test Conditions for Outputs 
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DESCRIPTION 

The Signetics Dual Universal Serial 
Communications Controller (DUSCC) 

is a single-chip CMOS-LSI 
communications device that provides 
two independent, multi-protocol, 
full-duplex receiver/transmitter channels 
in a single package. It supports 
bit-oriented and character-oriented (byte 
count and byte control) synchronous 
data link controls as well as 
asynchronous protocols. The new 
CMOS device (SC26C562/SC68C562) 
will be pin hardware and software 
compatible with the present SCN26562 
and SCN68562. All design variances in 
the NMOS device had been corrected. 
However after power up the CMOS 
DUSCC will be configured to operate as 
the NMOS DUSCC. 


The operating mode and data format of 
each channel can be programmed 
independently. Each channel consists of 
a receiver, a transmitter, a 16-bit 
multifunction counter/timer, a digital 
phase locked loop (DPLL), a parity/CRC 
generator and checker, and associated 
control circuits. The two channels share 
a common bit rate generator (BRG), 
operating directly from a crystal or an 
external clock, which provides sixteen 
common bit rates simultaneously. The 
operating rate for the receiver and 
transmitter of each channel can be 
independently selected from the BRG, 
the DPLL, the counter/timer, or from an 
external 1X or 16X clock, making the 
DUSCC well suited for dual-speed 
channel applications. Data rates up to 
4. OMbits per second are supported. 


The transmitter and receiver each 
contain a sixteen characters FIFOs with 
appended transmitter command and 


NMOS and CMOS devices. 


Familiarity with the DUSCC users guide is assumed. 


receiver status bits. This permits reading 
and writing of up to sixteen characters at 
a time, minimizing the potential of 
receiver overrun or transmitter underrun, 
and reducing interrupt or DMA 
overhead. In addition, a flow control 
capability is provided to disable a 
remote transmitter when the FIFO of the 
local receiving device is full. 


Two modem control inputs (DCD and 
CTS) and three modem control outputs 
(RTS and two general purpose) are 
provided. Because the modem control 
inputs and outputs are general purpose 
in nature, they can be optionally 
programmed for other functions. 


Two versions of the DUSCC are 
available. The SC26C562 is optimized 
to interface with processors using a 
synchronous bus interface, such as the 
8086, 80186 and 80286. The SC68C562 
is optimized to interface with processors 
using an asynchronous bus interface, 
such as the 68000 and 68010. Both 
versions are capable of program-polled, 
interrupt-driven, block-move or DMA 
data transfers. The contents of this 
manual apply to both versions of the 
DUSCC, unless explicitly noted 
otherwise. 
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FEATURES 


General Features 
® Multi-protocol operation 
e@ Sixteen character receiver and 


transmitter FIFOs. Nine status bits 
fifoed with each byte received. 


® 0 to 10Mbit/sec. data rate 
® Programmable bit rate for each 
receiver and transmitter 


@ Parity and FCS (frame check 
sequence LRC or CRC) generation 
and checking 


® Programmable data 
encoding/decoding: NRZ, NRZI, FMO, 
FM1, Manchester 


® Programmable channel mode: full- or 
half-duplex, auto-echo, or local 
loopback 


® Programmable data transfer mode: 
polled, interrupt, DMA, wait 

® Single- or dual-address DMA transfers 

®@ Two multi-function programmable 
16-bit counter/timers 

@ On-chip oscillator for crystal 


Asynchronous Mode 

®@ Character length: 5 to 8 bits 

® Odd or even parity, no parity, or force 
parity 

® Up to two stop bits programmable in 
1/16-bit increments 


® Break generation with handshake for 
counting break characters 

@ Detection of start and end of received 
break 

@ Character compare with optional 
interrupt on match 

© Transmit up to 4.0Mbps and receive 
up to 2.0Mbps data rates 


Philips Components—Signetics Data Communication Products 


Preliminary Specification 





Dual universal serial communications controller 


(DUSCC) : 


FEATURES (Continued) 


Character-Oriented Protocols 

® Character length: 5 to 8 bits 

® Odd or even parity, no parity, or force parity 
® LRC or CRC generation and checking 

© Optional opening PAD transmission 

® One or two SYN characters 

® SYN detection and optional stripping 

@ SYN or MARK linefill or underrun 
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® Idle in MARK or SYNs 
® BISYNC submode 


Bit-Oriented Protocol 
® Character length: 5 to 8 bits 


® Detection and transmission of residual 
character: 0-7 bits | 


® Optional opening PAD transmission 


® Detection and generation of FLAG, 
ABORT, and IDLE bit patterns 
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e ABORT. ABORT-FLAGs, or FCS-FLAGs 
linefill on underrun 


®@ Idle in MARK or FLAGs 


® Secondary address recognition including 
group and global address 


@ Single- or dual-octet secondary address 
® CRC generation and checking 
® SDLC loop mode capability 
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BLOCK DIAGRAM — SC68C562 


CHANNEL MODE 
> Ts Gee AND TIMING AB 
BUFFER DPLL CLK 
MUX A/B 
INTERFACE 


OPERATION 


ul a 
ADDRESS 
DECODE COUNTER/ 
TIMER A/B 
DTACKN RAW 
RWN DECODE 
CTCRA/B 


A1-A6 
CTPRHA/B 


CSN INTERFACE DMA 
RESETN CONTROL 
CTPRLA/B 


CCRA/B CTHAB 


RTxDRQAN/GPO1AN 
RTxDROBN/GPO1BN 
TxDRQAN/GPO2AN 
TxDRQBN/GPO2BN 


CTLA/B 


TRANSMIT A/B 


RTxDAKAN/GPI1AN 
RTxDAKBN/GPI1BN 
TxDAKAN/GPI2AN 
TxDAKBN/GPI2BN 


CMR1A/B 
CMR2A/B 


DMA INTERFACE 


INTERNAL BUS 


TRANS CLK 
MUX 


TPRA/B 


DTCN TTRA/B 
DONEN 


TX SHIFT 
REG TxD A/B 


TRANSMIT 
TRxCA/B 4 DEEP 


RTxCA/B FIFO 


RTSBN/SYNOUTBN SPECIAL ae 
RTSAN/SYNOUTAN FUNCTION 
GEN 
DCDBN/SYNIBN Seo 
DCDAN/SYNIAN 


CTSA/BN PINS 
RECEIVER A/B 


RCVR CLK 
MUX 
INTERRRUPT 


CONTROL RPRA/B 
ICRA/B RTRA/B 


IERA/B S1RA/B 
S2RA/B 


IVRM SHIFT REG 


RECEIVER 
4 DEEP 
FIFO 


X1/CLK CRC 
BISYNC 


COMPARE 
LOGIC 


RxD A/B 
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BLOCK DIAGRAM — SC26C562 


CHANNEL 
MODE AND 
TIMING A/B 


DPLL CLK 
MUX A/B 


BUS 
BUFFER DPLLA/B 


INTERFACE/ 
OPERATION Saat 
CONTROL 


C/T CLK 
appease a 


CTCRA/B 


RDYN DECODE CTPRHA/B 
CTPRLA/B 


WRN DMA CTHA/B 
RON MPU CONTROL CTLA/B 
A1—AG INTERFACE 


CEN 
RESETN 
TRANSMIT 
ae 
TRANS CLK 


RTxDRQAN/GPO1AN | _asr_| 
CMRIA/B TERA 


RTxDRQBN/GPO1BN CMR2A/B TTRA/B 


TxDRQAN/GPO2AN Sanka TX SHIFT 
TxDRQBN/GPO2BN Side REG TxD A/B 





INTERNAL BUS 
Cc 
< 


RTxDAKAN/GPI1AN INTERFACE TRANSMIT 
RTxDAKBN/GPI1BN 4 DEEP 


FIFO 


af 


TxDAKAN/GPI2AN 
TxDAKBN/GPI2BN R 
EOPN GENERATOR 


SPEC CHAR 
GEN LOGIC 


Qa 
oO 


TRxCA/B 
RTxCA/B 
CTSAN/LCAN 
CTSBN/LCBN ——_—»|___ SPECIAL RECEIVER 
DCDBN/SYNIBN FUNCTION A/B 


DCDAN/SYNIAN st | RCVR CLK | 
RTSBN/SYNOUTBN Patera ete. s 
RTSAN/SYNOUTAN 


ee S1RA/B 
INTERRUPT == 
CONTROL ow 


RxD A/B 
ICRA/B Goa tel tae A ae it RCVR 
IERA/B SHIFT REG 


RECEIVER 
IVRM 





X1/CLK 


X2 OSCILLATOR 
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PIN CONFIGURATIONS — SC68C562 


N PACKAGE 


A3 
A2 


Al 


RTxDAKBN/ 
GPI1BN 


IRQN 
RESETN 


RTSBN/ 
SYNOUTBN 


TRxCB 
RTxCB 


DCDBN/ 
SYNIBN 


RxDB 


TxDB 


TxDAKBN/ 
GPI2BN 


RTxDROQBN/ 
GPO1BN 
TxDRQBN/ 
GPO2BN/RTSBN 


CTSBN/LCBN 
D7 

D6 

DS 

D4 

DTACKN 
DTCN 
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TOP VIEW 


RTxDAKAN/ 
GPI1AN 


X1/CLK 
X2ADCN 


RTSAN/ 
SYNOUTAN 


TRxCA 
RTxCA 


DCDAN/ 
SYNIAN 


Rxda 
TxDA 
TxDAKAN/ 
GPI2AN 


RTxDRQAN/ 
GPO1TAN 
TxDRQAN/ 
GPO2AN/RTSAN 


CTSAN/LCAN 
Do 
D1 
D2 
D3 
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A PACKAGE 


INDEX 
CORNER 


TOP VIEW 


Pin Function 


{ACKN 

A3 

A2 

Al 
RTxDAKBN/ 
GPI1BN 
IRQN 

NC 
RESETN 
RTSBN/ 
SYNOUTBN 
TRxCB 
RTxCB 
DCDBN/ 
SYNIBN 

NC 

RxDB 

TxDB 
TxDAKBN/ 
GPI2BN 
RTxDRQBN/ 
GPO1BN 
TxDRQBN/ 
GPO2BN/RTSBN 
CTSBN/LCBN 
D7 

D6 

D5 

D4 

DTACKN 
DTCN 

GND 


Pin Function 


27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


37 


38 


39 
40 
41 
42 


43 
44 
45 


46 
47 
48 


49 
50 
51 


52 


CSN 

R/AWN 
DONEN 

D3 

D2 

D1 

DO 

NC 
CTSAN/LCAN 
TxDROQAN/ 
GPO2AN/RTSAN 
RTxDRQAN/ 
GPO1AN 
TxDAKAN/ 
GPI2AN 
TxDA 

RxDA 

NC 

DCDAN/ 
SYNIAN 
RTxCA 
TRxCA 
RTSAN/ 
SYNOUTAN 
X2/IDCN 
X1/CLK 
RTxDAKAN/ 
GPI1AN 

AS 

AS 

A4 


VoD 
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PIN CONFIGURATIONS — SC26C562 


N PACKAGE 


INDEX A PACKAGE 


CORNER 


RTxDAKBN/ RTxDAKAN/ 
GPI1BN GPI1AN 


X1/CLK 


ne TOP VIEW 


RTxDRQBN/ 
GPO1BN 
TxDRQBN/ 
GPO2BN/RTSBN 
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RTSAN/ 
SYNOUTAN 


TRxCA 
RTxCA 


DCDAN/ 
SYNIAN 


RxDA 
TxDA 


TxDAKAN/ 
GPI2AN 
RTxDRQAN/ 
GPO1AN 
TxDRQAN/ 
GPO2AN/RTSAN 


CTSAN/LCAN 
DO 
01 
D2 
D3 


PIN FUNCTION 


RTxDAKBN/ 
GPI1BN 
IRQN 

NC 

RDYN 
RTSBN/ 
SYNOUTBN 
TRxCB 
RTxCB 
DCDBN/ 
SYNIBN 

NC 

RxDB 

TxDB 
TxDAKBN/ 
GPI2BN 
RTxDRQBN/ 
GPO1BN 
TxDRQBN/ 


GPO2BN/RTSBN 
CTSBN/LCBN 


D7 

D6 

DS 

D4 

RDN 
RESETN 
GND 


PIN 


27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


37 
38 
39 
40 


41 
42 


44 


FUNCTION 


CEN 

WRN 

EOPN 

D3 

D2 

D1 

Do 

NC 
CTSAN/LCAN 
TxDROQAN/ 
GPO2AN/RTSAN 
RTxDRQAN/ 
GPO1AN 
TxDAKAN/ 
GPI2AN 
TxDA 

RxDA 

NC 

DCDAN/ 
SYNIAN 
RTxCA 
TRxCA 
RTSAN/ 
SYNOUTAN 
X2 

X1/CLK 
RTxDAKAN/ 
GPH1AN 

AS 

AS 

A4 


Vcc 
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PIN DESCRIPTION 


In this document, signals are discussed using the terms ‘active’ and ‘inactive’ or ‘asserted’ and ‘negated’ independent of whether the signal is active 
in the High (logic 1) or Low (logic 0) state. N at the end of a pin name signifies the signal associated with the pin is Active-Low (see individual pin 
description for the definition of the active level of each signal.) Pins which are provided for both channels are designated by A/B after the name of 
the pin and the Active-Low state indicator, N, if applicable. A similar method is used for registers provided for both channels; these are designated 
by either an underline or by A/B after the name. 


MNEMONIC APPLIES TO TYPE NAME AND FUNCTION 


26C562 | 68C562 
X X Address Lines: Active-high. Address inputs which specify which of the internal registers is 
accessed for read/write operation. 


Bidirectional Data Bus: Active-high, 3-State. Bit 0 is the LSB and bit 7 is the MSB. All data, 
command and status transfers between the CPU and the DUSCC take place over this bus. 
The data bus is enabled when CSN (CEN) is low and during interrupt acknowledge cycles and 
single address DMA acknowledge cycles. 






























































Read/Write: A high input indicates a read cycle and a low input indicates a write cycle when 
a cycle is initiated by assertion of the CSN input. 


Chip Select: Active-low input. When low, data transfers between the CPU and the DUSCC 
are enabled on DO-D7 as controlled by the R/WN and A1—A6 inputs. When CSN is high, the 
DUSCC is isolated from the data bus (except during interrupt acknowledge cycles and single 
address DMA transfers) and DO—D7 are placed in the 3-State condition. 






DTACKN Data Transfer Acknowledge: Active-low, 3-State. DTACKN is asserted on a write cycle to 
indicate that the data on the bus has been latched, and on a read cycle or interrupt acknowl- 
edge cycle to indicate valid data is on the bus. In a write bus cycle, input data is latched by 
the assertion (falling edge) of DTACKN or by the negation (rising edge) of CSN, whichever oc- 
curs first. The signal is negated when completion of the cycle is indicated by negation of CSN 
or IACKN input, and returns to the inactive state (3-State) a short period after it is negated. 
In a single address DMA mode, input data is latched by the assertion (falling edge) of DTCN 
or by the negation (rising edge) of the DMA acknowledge input, whichever occurs first. DTACK 
is negated when completion of the cycle is indicated by the assertion of DTCN or negation of 
DMA acknowledge inputs (whichever occurs first), and returns to the inactive state (3-State) 
a short period after it is negated. When inactive, DTACKN requires an external pull-up resistor. 


Read Strobe: Active-low input. When active and CEN is also active, causes the content of 
the addressed register to be present on the data bus. RDN is ignored unless CEN is active. 


Write Strobe: Active-low input. When active and CEN is also active, the content of the data 
bus is loaded into the addressed register. The transfer occurs on the rising edge of WRN. WRN 
is ignored unless CEN is active. 


Chip Enable: Active-low input. When active, data transfers between the CPU and the DUSCC 
are enabled on D7—D0 as controlled by RDN or WRN, and A6-A1. When CEN is high, the 
data lines are placed in the 3-State condition (except if IACKN is asserted or during a ddMA 
acknowledge cycle). 


Ready: Active-low, open drain. Used to synchronize data transfers between the master and 
the DUSCC. Itis valid only during read and write cycles where the DUSCC is configured in 
‘wait on Rx’, ‘wait on Tx’ or ‘wait on Tx or Rx’ modes, otherwise it is always inactive. RDYN 
becomes active on the leading edge of RDN and WRN if the requested operation cannot be 
performed (viz, no data in RxFIFO in the case of a read or no room in the TxFIFO in the case 
of a write). 


Interrupt Request: Active-low, open-drain. This output is asserted upon occurrence of any 
enabled interrupting condition. The CPU can read the general status register to determine the 
interrupting condition(s), or can respond with an interrupt acknowledge cycle to cause the 
DUSCC to output an interrupt vector on the data bus. 


Interrupt Acknowledge: Active-low. When IACKN is asserted, the DUSCC responds by 
placing the contents of the interrupt vector register (modified or unmodified by status) on the 
data bus and asserting DTACKN. If no active interrupt is pending, DTACKN is not asserted. 


Interrupt Acknowledge: Active-low. When IACKN is asserted, the DUSCC responds by ei- 
ther forcing the bus into high-impedance, placing a vector number, call instruction or zero on 
the data bus. The vector number can be modified or unmodified by the status. If no interrupt 
is pending, IACKN is ignored and the data bus placed in high-impedance. 






X1/CLK Crystal or External Clock: When using the crystal oscillator, the crystal is connected be- 
tween pins X1 and X2. If acrystal is not used, an external clock is supplied at this input. This 
clock is used to drive the internal bit rate generator, as an optional input to the counter/timer 
or DPLL, and to provide other required clocking signals. When a crystal is used, a capacitor 


must be connected from this pin to ground. 
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PIN DESCRIPTION (Continued) 


MNEMONIC APPLIES TO TYPE NAME AND FUNCTION 
26C562 | 68C562 


Crystal or Interrupt Daisy Chain: When a crystal i is used as the timing source, the crystal 
is connected between pins X1 and X2. This pin can be programmed to provide an interrupt 
daisy chain active-low output which propagates the [ACKN signal to lower priority devices, if 
no active interrupt is pending. This pin should be grounded when an external clock is used 
on X1 and X2is not used as an interrupt daisy chain output. When acrystalis used, acapacitor 
must be connected from this pin to ground. 
























X2 Crystal 2: Connection for other side of crystal. When a crystal is used, a capacitor must be 


connected from this pin to ground. If an external clock is used on X1, this pin must be grounded. 






RESETN Master Reset: Active-low. A low on this pin resets the transmitters and receivers and resets 


the registers shown in Table 1. Reset is asynchronous, i.e., no clock is required. 





RxDA, RxDB Channel A (B) Receiver Serial Data Input: The least significant bit is received first. If exter- 
nal receiver clock is specified for the channel, the input is sampled on the rising edge of the 


clock. 


















































TxDA, TxDB Channel A (B) Transmitter Serial Data Output: The least signifiicant bit is transmitted first. 
This output is in the marking condition when the transmitter is disabled or when the channel 
is operating in local loopback mode. If external transmitter clock is specified for the channel, 


the data is shifted on the falling edge of the clock. 






RTxCA, RTxCB Channel A (B) Receiver/Transmitter Clock: As an input, it can be programmed to supply 
the receiver, transmitter, counter/timer, or DPLL clock. As an output, can supply the counter/ 


timer output, the transmitter shift clock (1X), or the receiver sampling clock (1X). 






TRxCA, TRxCB Channel A (B) Transmitter/Receiver Clock: As an input, itcan supply the receiver, transmit- 
ter, counter/timer, or DPLL clock. As an output, itcan supply the counter/timer output, the DPLL 
output, the transmitter shift clock (1X), the receiver sampling clock (1X), the transmitter BRG 


clock (16X), The receiver BRG clock (16X), or the internal system clock (X1/2). 












CTSA/BN, 


Channel A (B) Clear-to-Send Input or Loop Control Output: Active-low. The signal can 
LCA/BN 


be programmed to act as an enable for the transmitter when not in loop mode. The DUSCC 
detects logic level transitions on this input and can be programmed to generate an interrupt 
when a transition occurs. When operating in the BOP loop mode, this pin becomes a loop con- 
trol output which is asserted and negated by DUSCC commands. This output provides the 
means of controlling external loop interface hardware to go on-line and off-line without disturb- 
ing operation of the loop. 











DCDA/BN, 


Channel A (B) Data Carrier Detected or External Sync Input: The function of this pin is 
SYNIA/BN 


programmable. As aDCD active-low input, it acts as an enable for the receiver or can be used 
as a general purpose input. For the DCD function, the DUSCC detects logic level transitions 
on this pin and can be programmed to generate an interrupt when a transition occurs. As an 
active-low external sync input, it is used in COP mode to obtain character synchronization for 
the receiver without receipt of aSYN character. This mode can be usedin disc or tape controller 
applications. 











RTxDRQA/BN, 


Channel A (B) Receiver/Transmitter DMA Service Request or General Purpose Output: 
GPO1A/BN 


Active-low. For half-duplex DMA operation, this output indicates to the DMA controller thatone 
or more characters are available in the receiver FIFO (when the receiver is enabled) or that 
the transmit FIFO is not full (when the transmitter is enabled). For full-duplex DMA operation, 
this output indicates to the DMA controller that data is available in the receiver FIFO. In 
non-DMA mode, this pin is a general purpose output that can be asserted and negated under 
program control. 













TxDRQA/BN, 
GPO2A/BN, 
RTSA/BN 


Channel A (B) Transmitter DMA Service Request, General Purpose Output, or Re- 
quest-to-Send: Active-low. For full-duplex DMA operation, this output indicates to the DMA 
controller that the transmit FIFO is not full and can accept more data. When not in full-duplex 
DMA mode, this pin can be programmed as a general purpose or a Request-to-Send output, 
which can be asserted and negated under program control (see Detailed Operation). 











RTxDAKA/BN, 


Channel A (B) Receiver/Transmitter DMA Acknowledge or General Purpose Input: Ac- 
GPI1A/BN 


tive-low. For half-duplex single address operation, this input indicates to the DUSCC that the 
DMA controller has acquired the bus and that the requested bus cycle (read receiver FIFO 
when the receiver is enabled orload transmitter FIFO when the transmitter is enabled) is begin- 
ning. For full-duplex single address DMA operation, this input indicates to the DUSCC that 
the DMA controller has acquired the bus and that the requested read receiver FIFO bus cycle 
is beginning. Because the state of this input can be read under program control, it can be used 
as a general purpose input when not in single address DMA mode. 
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PIN DESCRIPTION (Continued) 


MNEMONIC APPLIES TO TYPE NAME AND FUNCTION 
26C562 | 68C562 


TxDAKA/BN, Channel A (B) Transmitter DMA Acknowledge or General Purpose Input: Active-low. 

GPI2A/BN When the channel is programmed for full-duplex single address DMA operation, this input is 
asserted to indicate to the DUSCC that the DMA controller has acquired the bus and that the 
requested load transmitter FIFO bus cycle is beginning. Because the state of this input can 
be read under program control, it can be used as a general purpose input when notin full-du- 
plex single address DMA mode. 


DTCN Device Transfer Complete: Active-low. DTCN is asserted by the DMA controller to indicate 
that the requested data transfer is complete. 


DONEN Done: Active-low, open-drain. DONEN can be used and Is active in both DMA and non-DMA 
modes. See Detailed Operation for a description of the function of this pin. 


EOPN Done (EOP): Active-low, open-drain. EOPN can be used and is active in both DMA and non- 
DMA modes. See Detailed Operation for a description of the function of this pin. 


RTSA/BN, Channel A(B) Sync Detect or Request-to-Send: Active-low. If programmed as a sync out- 

SYNOUTA/BN put, it is asserted one bit time after the specified sync character (COP or BISYNC modes) or 
a FLAG (BOP modes) is detected by the receiver. As a Request-to-Send modem control sig- 
nal, it functions as described previously for the TxDRQN/RTSN pin. 


Vop +5V Power Input 





GND Signal and Power Ground Input 
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Table 1. DUSCC Register Address Map (Present NUOS DUSCC and new CMOS DUSCC) 


















CTPRL Counter/timer preset register low 
| oO | CTCR Counter/timer control register 


Coe 
ACRONYMS BY RESET 
paral ar 
To fo fo [0 [owni |Channelmoderegitert ——=SSCSC~*~*~‘dtC SY 0 
To fo [0 [1 [owre | Channetmoderegiter2——=SCSCS~*dtC Yon 00 | 
To fo [1 | 0 [Sin [SYN tecondary address register ———~«dt_ AW _| 
To fo [+ | + [sen _|SvN2isocondaryaderess register «|W | No 
Po [1 [eo fo [TPR [Transmiterparamoterregster == AW | Yes-00 
ofr fo [+ [tr [Transminertimingregiser —~SCSCSC~dtC | 
To [1 [1 [0 [Rem [Rocoiverparametoregister ——=S~*~*~‘dtC |e 
A 
ee 
oor No 
ae 


C14 foun > [outputand misolaneous register = 
Po fo [eth | Coumerimertigh C=” 
Po [+ fet | Coumernimeriow 
Ti [ro [Por | Pincontiguraionregiser SSCS” 
To _[RSR * [Receiverstausregster —SSCSCS~* 
Ta [TRS [Transmiterandrecever stausregiser 
ra 
rea 


N 
N 
e 


0 
0 
0 
0 
S 








ra 
[Yes 
Po [0 [ier [mioruptenabioregister——SSSSSCSC~*” 
A 
Ci [0 [WA Tintoruptvectorregistor~unmodiied 
Co [wav 
Peps ier 


Master reset register 


Y 


00 
FF 






fer] BR BrP 


NOTES: 
1. c= 0 for channel A, c = 1 for channel B. 
d = don’t care — register may be accessed as either channel. 
x = don't care — FIFOs are addressable at any of four adjacent addresses to allow them to be addressed as byte/word/long word. 
. Awrite to this register can perform a status resetting operation. 
. SC26C562 only. See Master Reset Register section for description of operation. Not used for SC68C562. 
. N/a = Not applicable 
."* These registers are EDGE TRIGGERED. Others are read only or level triggered. Level triggered registers should not be changed while 
channel is active. NOTE: ICTSR for bits 6, 5, 4 only. 


OO & G MP 


REGISTERS 2. Unused bits of a defined register are read that certain sets of registers may also be 

The addressable registers of the DUSCC are as zeros, unless ones have been loaded accessed as words or long words. 

shown in Table 1. The following rules apply to after master reset. The operation of the DUSCC is programmmed 

all registers: 3. Bits that are unused in the chosen mode by writing control words into the appropriate re- 

1. Aread from a reserved location in the but are used in others are readable and gisters. Operational feedback is provided via 
map results in a read from the ‘null regis- writable but their contents are ignored in Status registers which can be read by the CPU. 
ter’. The null register returns all ones for the chosen mode. The contents of certain control registers are ini- 


tialized on RESET. Care should be exercised 


data and results in a normal bus cycle. A 
o if the contents of a register are changed during 


write to one of these locations results in a 
normal bus cycle without a write being 
performed. 


. All registers are addressable as 8-bit 
quantities. Addresses are ordered such 
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operation, since certain changes may cause 
operational problems, e.g., changing the chan- 
nel mode at an inappropriate time may cause 
the reception or transmission of an incorrect 
character. In general, the contents of registers 
which control transmitter or receiver operation, 
or the counter/timer, should be changed only 
when they are not enabled. 


The DUSCC registers can be separated into 
five groups to describe their usage: 


1. Channel mode configuration and pin de- 
scription registers. 


2. Transmitter and receiver parameter and 
timing registers. 


3. Counter/timer control and value registers. 
4. Interrupt control and status registers. 


5. Command register. 


CMOS DUSCC OBJECTIVE SPEC 
The CMOS DUSCC is a single-chip communi- 
cation device that is a fully software compatible 
with Signetics' DUSCC chip with 16 deep FIFO, 
individual interrupt enable bits. It is implem- 
ented using high speed CMOS process and 
faster data bus timing. 


Key Features 

® Fully software and hardware compatible 
with NMOS DUSCC 

® 8 bit data bus with 160ns bus cycle 

® 0 to 10Mbit per second 


® Rx FIFO 
— 16 x 8 data FIFO 
— RxRDY triggered by programmable filled 
level of FIFO 
— Watch dog timer 


— Status bits for the filled level of Rx FIFO 
— FIFO all of the error status bits 
— Provide DMA frame status byte 


® Tx FIFO 
— 16 x 8data FIFO 
— TxRDY triggered by programmable filled 
level of FIFO 
— Status bits for the empty level of Tx 
FIFO 
® Baud Rate Generator—from 50bps up to 
64Kbps 
@ Interrupt control 
— Individual interrupt enable bits 
— Support interrupt Daisy Chain—RDYN 
(DTACKN) is provided 
®@ Support X.21 pattern recognition 


@ Lower power consumption 


CMOS DUSCC Register Address Map (New registers available by setting internal A7 bit.) 





ADDRESS BITS 





| 2 | 
Eo 
er 
(ee 
eed 
ee 





Register map — The internal A7 affects the 
following registers and all other registers are 
not affected by A7. 


S1R 
S2R 
TTR 


RTR 

PCR 

IER 
IVR/IVRM 
ICR/MRR 





TTR — Transmitter Timing 
Register 


[8210]— This field selects an output from bitrate 
generator to be used by the transmitter circuits. 
Three extra bit rate are provided if new bit rates 
is chosen by RCR. 
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M | D 
m 
> 


EA 


©Q 
oD 


"1 
4 
_ 
a 


REGISTER NAME 
ACRONYM 


ee eames 
[RaFiFO ftedievelregiter———=S=SC*dtSCR_ |e -00_| 

; 

Caw 

nae 

Aad 


Chip identification 


[3210] — Bit Rates 


0000 = §0/14.4K. If RCR[1] is set, TTR[3:0] = 
[0000] chooses 14.4Kbps. If RCR[1] 
is reset, then it will switch back to de- 
fault value, 5Obps. 


75/56K. If RCR[1] is set, TTR[3:0] = 
[0001] chooses 56Kbps. If RCR[1] is 
reset, then it will switch back to default 
value, 75bps. 


110/64K. If RCR[1] is set, TTR[3:0] = 
[0010] chooses 64Kbps. If RCR[1] is 
reset, then it will switch back to default 
value, 110bps. 


0001 


0010 


1ER1 — Interrupt Enable Register 1. 
This registeris active only when individual inter- 
rupt enable mode is selected. 


In ASYNC mode: 
[7] Character Comparison 
[6] RTS Negated 
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AFFECTED 
BY RESET 


[5] Overrun 

[4] Reserved 
[3] BRK End 
[2] BRK Start 
[1] Frame Error 
[0] Parity Error 
In COP mode: 
[7] EOM Detect 
[6] PAD error 
[5] Overrun 

[4] Reserved 
[3] Reserved 
[2] SYN detect 
[1] CRC/LRC Error 
[0] Parity Error 
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In BOP/BOP LOOP modes: 
[7] EOM Detect 

[6] ABORT/EOP detect 

{5} Overrun 

[4] Short frame 

[3] Idle/Turnaround Detect 
[2] Flag detect 

[1] CRC Error 

[0] RCL not zero 


iIER2 — Interrupt Enable Register 2. 
This register is active only when individual 
interrupt enable mode is selected. 


In ASYNC mode: 

[7] Tx path empty 

[6] Reserved 

[5] Tx Underrun 

[4] CTS Underrun 

[3] Send BRK ACK 

{2} DPLL error 

[1] Delta CTS detect 

[0] Delta DCD detect 

In COP mode: 

[7] Tx path empty 

[6] Tx Frame complete 

[5] Tx Underrun 

{4] CTS underrun 

[3] Send SOM ACK 

{2] DPLL error | 

[1] Delta CTS detect/LC detect 
[0] Delta DCD detect 

In BOP and BOP LOOP modes: 
[7] Tx path empty 

[6] Tx Frame Complete 

[5] Tx Underrun 

[4] CTS Underrun/Loop Sending 
[3] Send SOM ACK 

[2] DPLL error 

{1] Delta CTS/LC detect 

[0] Delta DCD detect 


IER3 — Interrupt Enable Register 3. 
This register is active only when individual 
interrupt enable mode is selected. 


[7] Channel Master Interrupt Enable Bit. 
This bit is used as ICR[1] or ICR[O} while 
A7 = 1. This bit is ignored when A7 = 0. 
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[6] TxRDY Interrupt Enable Bit. 
This bit is ignored while original IER is being 
used. 


0 Interrupt not enabled 
1 Interrupt generated if TxRDY is as- 
serted. 


[5] RxRDY Interrupt Enable Bit. 
This bit is ignored while original 1ER is being 
used. 


0 Interrupt not enabled 
1 Interrupt generated if RxRDY is as- 
serted. 


[4] Watch Dog Timer Interrupt Enable Bit. 
Interrupt generated if no data is loaded into 
RxFIFO within 128 consecutive bit times after 
command is issued. 


[3] Pattern Recognition Interrupt Enable Bit. 
Interrupt generated if any of the pattern recog- 
nitions Is set. 


[2] Reserved 
[1] Reserved 
[0] Reserved 


TRMR — Transmitter/Receiver Misc. Regis- 
ter. This register provides pattern recognition 
Status bits and Tx path empty status bit. | 


[7:5] Reserved 


{4] Tx Path Empty Status Bit. 
This bit is set when the last bit of the data is 


being shifted out of TxD while no more charac- 


ter in the FIFO or in the whole transmitter data 
path. A ‘1’ written to this bit can clear the status 
bit. This bit is also cleared if the Tx RESET or 
Master RESET is issued. 


[3] Pattern 0 Status Bit. 

This bit is set when Rx receives 16 contiguous 
0's after pattern recognition is enabled. A ‘1° 
written to this bit can clear the status bit. This 
bit is also cleared if the Rx RESET or Master 
RESET is issued. 


[2] Pattern 1 Status Bit. 

This bit is set when Rx receives 16 contiguous 
1's after pattern recognition is enabled. A ‘1’ 
written to this bit can clear the status bit. This 
bit is also cleared if the Rx RESET or Master 
RESET is issued. 


[1] Pattern Alternating 01 Status Bit. 

This bitis setwhen Rx receives 16 contiguous 
alternating 01 or 10 after pattern recognition is 
enabled. A‘1' written to this bit can clear the sta- 
tus bit. This bit is also cleared if the Rx RESET 
or Master RESET is issued. 


[0] WTD Status Bit. 
This bit is set whenever the WTD is time out. 
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This bit is ORed together with RxRDY status bit 
in the GSR. A ‘1’ written to this bit can clear the 
status bit. This bit is also cleared if the Rx 


~ RESET or Master RESET is issued. 


RCR — Rx Command Register. 


[7]-0 Disable Watch Dog Timer. 


1 Enable Watch Dog Timer. WTD status 
is setif no data is loaded into RxFIFO 
within 128 consecutive bit times after 
command is issued. 


Disable DMA status byte. See detail 
in DFSB. 


1 Enable DMA status byte. The status 
byte for the whole frame is fifoed 
following last byte of frame while DMA 
is in progress. 


[6] -0 


[5] —0 


1 Enable Pattern Recognition all 0's. 
This command will have the receiver 
start to hunt 16 consecutive 0's. 


Disable Pattern Recognition all 0’s. 


[4] -0 


1 Enable Pattern Recognition all 1's. 
This command will have the receiver 
start to hunt 16 consecutive 1's. The 
status bit is shown in TRMR. 


Disable Pattern Recognition all 1's. 


{3] 0 Disable Pattern Recognition alternat- 


ing 01. 


1 Enable Pattern Recognition alternat- 
ing 01. Thiscommandwillhave the re- 
ceiver start to hunt 16 contiguous 
alternating 01 or 10. The status bit is 
shown in TRMR. 


Default mode. No individual interrupt 
enable mode. 


[2] -0 


1. Enable individual interrupt enable 
mode. In this mode, IER1 and IER2 
are used and original IER is ignored. 


[1}-0 Defaultmode. No new bit rates can be 


selected. 


1 Three additional new bit rates, 14.4k, 
56k, and 64k can be chosen through 
TTRI[3:0]. See TTR[3:0] for further 
information. 


[0] Reserved 


TELR — TxFIFO Empty Level Register. 
This register indicates the TxFIFO empty level. 
A read from this register can tell the current 
available space(s) for the TxFIFO. 


[7:5] Reserved 
[4:0] This field selects the available location(s) 
for the TxFIFO. 


00000- 0 _ bytes empty 
(implies TXFIFO full) 


00001-— 1 byte empty — 
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00010-— 2 bytes empty 
00011— 3 bytes empty 
00100— 4 _ bytes empty 
00101- 5 bytes empty 
00110— 6 bytes empty 
00111 -— 7 bytes empty 
01000— 8 bytes empty 
01001— 9 bytes empty 
01010— 10 bytes empty 
01011 - 11 bytes empty 
01100 — 12 bytes empty 
01101 - 13 bytes empty 
01110 — 14 bytes empty 
01111 — 15 bytes empty 
10000 — 16 bytes empty 


(implies TxFIFO empty) 


RFLR — RxFIFO Filled Level Register. 
This register indicates the RxFIFO filled level. 
Nine status bits are fifoed with each byte 
received. A read from this register can tell the 
current FIFO filled level. 


[7:5] Reserved 


[4:0] This field selects the RxFIFO filled level. 
00000— 0 byte filled 

(implies RxFIFO empty) 
00001- 1 bytes filled 
00010— 2 bytes filled 
00011 ~— 3 _ bytes filled 


00100- 4 bytes filled 
00101-— 5 _ bytes filled 
00110—- 6 bytes filled 
00111 —- 7 bytes filled 
01000-— 8 bytes filled 
01001-— 9 bytes filled 


01010~— 10 bytes filled 
01011 —- 11 bytes filled 
01100 — 12 bytes filled 
01101 — 13 bytes filled 
01110 — 14 bytes filled 
01111 — 15 bytes filled 
10000 — 16 bytes filled (implies RxFIFO full) 
FTLR — FIFO Threshold Level Register. 


This register indicates both TxFIFO and 
RxFIFO interrupt threshold level. 


[7:5] This field selects the TxFIFO Thresh- 
old Level. To use threshold level to generate 
interrupt request, TxRDY activate bit on OMR 
could be set to ‘1’ (FIFO empty). The default 
threshold level is 4 byte locations available. 
TxRDY does not clear until the TxFIFO is full or 
transmitter is disabled. 
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0000 -— 1 byte empty 
(only one space available) 


0001-2 bytes empty 

0010-3 _ bytes empty 

0011-4 bytes empty (default mode) 
0100-5 bytes empty 

0101-6 bytes empty 

0110-7 bytes empty 

0111-8 bytes empty 

1000-9 _ bytes empty 

1001 - 10 bytes empty 

1010 — 11 bytes empty 

1011 — 12 bytes empty 

1100 — 13 bytes empty 

1101 — 14 bytes empty 

1110 — 15 bytes empty 

1111 - 16 bytes empty (TxFIFO empty) 
[4:0] This field selects the RxFIFO threshold 
level. To generate RxRDY interrupt or DMA 


request, the RxFIFO filled level must be equal 
or greater than the threshold level. 


To use the threshold level to generate interrupt 
request, RxRDY activate bit on OMR could be 
setto ‘1’ (FIFO full). The default threshold level 
is 4 characters. RXRDY is set when more than 
one byte is in the FIFO. It resets when the 
receiver FIFO is ready or the receiver is 
disabled. 


0000-1 byte filled 
0001-2 _ bytes filled 
0010-3 _ bytes filled 
0011-4 _ bytes filled (default mode) 
0100-5 bytes filled 
0101-6 bytes filled 
0110-7 bytes filled 
0111 - 8 bytes filled 
1000 ~ 9 bytes filled 


1001 — 10 bytes filled 

1010 - 11. bytes filled 

1011 -— 12 bytes filled 

1100 — 13 bytes filled 

1101 — 14 bytes filled 

1110 -— 15 bytes filled 

1111 — 16 bytes filled (Rx FIFO full) 

REA — Reset Internal A7 to 0. 

A write to this address set the address bit to 6 
bits. This is the default mode. No new registers 


can be accessed. Data is ignored during the 
write cycle. 


SEA — Set Internal A7 to 1. 
A write to this register automatically extend 
address bit to 7 bits. Therefore all the new regis- 


295 


$C26C562/SC68C562 


ters can be accessed. Data is ignored during 
the write cycle. 


CID — Chip Identification. 
A read operation provides software signature 
which can tell the part version. 


DATA OUTPUT PART VERSION 
CMOS DUSCC Rev. A 


DFSB — DMA Frame Status Byte. 

In RxDMA cycle, this status byte can be at- 
tached to the FIFO following last byte of frame 
(last byte means data with EOM status bit set). 
This byte is updated frame by frame by logical 
‘OR-ing’ of prior status bytes with the present 
status byte of the frame and only used for COP 
or BOP/BOPL modes while DMA transfers are 
inprogress. The DONEN (EOPN) will notbe set 
until this byte pops to the top of the FIFO. 











To enable this mode user has to send the com- 
mand through CCR. (**“ABORT does NOT re- 
set DFSB but RxReset does**) 


COP mode 

[7] Reserved 

[6] Reserved 

[5] Reserved 

[4] PAD ERROR 
[3] DPLL error 

[2] Overrun 

[1] BCC ERROR 
[0] Parity error 
BOP/BOPL mode 


[7:5] Residual character length. Same as 
TRSR[2:0] 


[4] ABORT 

[3] DPLL error 

{2] Overrun 

[1] CRC error 

[0] Short Frame 

CCR — Channel Command Register. 


76543210 
01xx0100 Default mode. Disable 
new fifoed status bits. 
01xx0101 Enable new fifoed status bits. In 


this mode all of the following 
status bits in RSR/TRSR reflect 
the status of the current character 
at the top of the RxFIFO. 
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ASYNC: 


COP 


BOP/BOPL: 


Since abort detect and short frame may not 
have data byte to attach, a dummy byte is pro- 
vided for status attachment. This dummy byte 
includes the current data in the shift register. 
Therefore, whenever the abort or short frame 
occurs, the status bit is always attached to this 
dummy byte. 


**NOTE** In BOP/BOPL mode, TRSR[2:0) is 
always fifoed no matter what kind of command 
is issued. 


GSR — General Status Register. 

This register remain almost same as NMOS 
DUSCC's GSR except RxRDY and Rx/Tx sta- 
tus bits. For RXRDY status bit, it combines Rx 
WDT status bit with original Rx Ready together 


BISYNC control: 


# RSR[7] — Character Compare 
RSR[5] — Overrun 
RSR[2] . — BRK Start 

# RSR[1] — FE 

# RSR(0] — PE 
RSR[7] — EOM 
RSR{6] — Pad Error 
RSR{[5] — Overrun 

# RSR{[1] —  LRC/CRC error 

# RSR[0] — PE 

# RSR{[7] — EOM 
RSR{6] — ABORT/EOP 
RSR{(5] — Overrun 
RSR[4] — Short frame 

# RSR[1] - — CRC CRC error 

# RSR[0] —  RCLnot zero 


Fifoed status bits in NMOS DUSCC. 


if Rx WDT is enabled. For the Tx/Rx status bit, 
itcombines original Receiver/transmitter status 
bits with pattern recognition status bits and Tx 
path empty bit together if those functions are in- 
dividually enabled. 


[7] CH.B External or C/T status. 


[6] CH.B Rx/Tx status. This bitis set whenever 
one of the following status bits is set. RSR[7:0], 
TRSRA[7:3], Tx path empty, Pattern recogni- 
tions. The Tx path empty and Pattern recogni- 
tions can affect GSR[6] only if those functions 
are enabled individually. 


[5} CH.B TxRDY. 


[4] CH.B RxRDY. This bit is set either when 
Receiver Ready is active or when WDT status 
bit is set if the WDT is enabled. 


[3] CH.A External or C/T status. 


[2] CH.A Rx/Tx status. This bit is set whenever 
one of the following status bits is set. RSR[7:0], 
TRSA[7:3], Tx path empty, Pattern recogni- 
tions. The Tx path empty and Pattern recogni- 
tions can affect GSRI[6] only if those functions 
are enabled individually. 


[1] CH. A TxRDY. 
[0] CH.A RxRDY. This bit is set either when 


Receiver Ready is active or when WDT status 
bitis set if the WDT is enabled. 


EBCDIC, NO parity, 8 bit data, 8 bit CTRL character. 


ASCII, NO parity, 8 bit data, 8 bit CTRL character. Odd parity bit is generated by users. It's same 
as NMOS DUSCC. Receiver check the parity bit by loop-up table. If an LRC BCC is selected in 
CMR[2:0] then LRC-8 is used (the MSB of the LRC is the logical XOR of all MSBs in the frame.) 


ASCIl, No parity, 8 bit data, 8 bit CTRL character. The receiver only check 7 bits for the CTRL char- 
acter and ignore the MSB of each character. If an LRC BCC is selected in CMR[2:0] then LRC-7 
is used (the MSB of the LRC is 0). 


ASCII, ODD parity, 7 bitdata + 1 odd parity bit, 7 bit CTRL char + 1 odd parity bit. Parity bitis gener- 
ated/checked by DUSCC. Any CTRL character as parity error will not be treated as a CTRL char- 
acter. 

If an LRC BCC is selected in CMR[2:0] then LRC-7 is used. The MSB of the LRC will be the ODD 
PARITY value computed from the 7 other bits that comprise the LRC. 
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ASCIil, EVEN parity. Similar to CMR[4:3] = 10 except parity bit is even. 
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DESCRIPTION 

The Signetics SCN68562 Dual Universal 
Serial Communications Controller 
(DUSCC) is a single-chip MOS-LS] 
communications device that provides 
two independent, multi-protocol, 
full-duplex receiver/transmitter channels 
in a single package. It supports 
bit-oriented and character-oriented (byte 
count and byte control) synchronous 
data link controls as well as 
asynchronous protocols. The 
SCN68562 interfaces to the 68000 
MPUs via asynchronous bus control 
signals and is capable of 
program-polled, interrupt driven, 
block-move or DMA data transfers. 





Document No. 






ECN No. 






Date of Issue 









The operating mode and data format of 
each channel can be programmed 


independently. Each channel consists of 


a receiver, a transmitter, a 16-bit 
multifunction counter/timer, a digital 
phase-locked loop (DPLL), a parity/CRC 
generator and checker, and associated 
control circuits. The two channels share 
a common bit rate generator (BRG), 
operating directly from a crystal or an 
external clock, which provides 16 
common bit rates simultaneously. The 
operating rate for the receiver and 
transmitter of each channel can be 
independently selected from the BRG, 
the DPLL, the counter/timer, or from an 
external 1X or 16X clock, making the 
DUSCC well suited for dual-speed 
channel applications. Data rates up to 
4Mbits per second are supported. 


The transmitter and receiver each 
contain a four-deep FIFO with appended 
transmitter command and receiver 
status bits and a shift register. This 
permits reading and writing of up to four 


SCN68562 


Dual universal serial 
communications controller (DUSCC) 


PIN CONFIGURATIONS 


N PACKAGE 


RTSBN/ 
SYNOUTBN 


TxDAKAN/ 
GPI2AN 


RTxDRQBN/ RTxDRQAN/ 
GPO1BN GPO1AN 
TxDRQBN/ TxDRQAN/ 
GPO2BN/RTSBN GPO2AN/RTSAN 


CTSBN/LCBN 


characters at a time, minimizing the 
potential of receiver overrun or 
transmitter underrun, and reducing 
interrupt or DMA overhead. In addition, 
a flow control capability is provided to 
disable a remote transmitter when the 
FIFO of the local receiving device is full. 
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TOP VIEW 


Pin Function Function 


IACKN 
A3 


A2 

Al 
RTxDAKBN/ 
GP11BN 
IRON 

NC 
RESETN 
RTSBN/ 
SYNOUTBN 
TRxCB 
RTxCB 


CTSAN/LCAN 
TxDRQAN/ 
GPO2AN/RTSAN 
RTxDRQAN/ 
GPO1AN 
DCDBN/ TxDAKAN/ 
SYNIBN GPI2AN 

NC TxDA 

RxDB RxDA 

TxDB NC 
TxDAKBN/ DCDAN/ 
GPI2BN SYNIAN 
RTxDRQBN/ RTxCA 
GPO1BN TRxCA 
TxDRQBN/ RTSAN/ 
GPO2BN/RTSBN SYNOUTAN 
CTSBN/LCBN X2/IDCN 

D7 X1/CLK 

D6 RTxDAKAN/ 
D5 GPI1AN 

D4 A6 

DTACKN A5 

DTCN A4 

GND VoD 





Two modem control inputs (DCD and 
CTS) and three modem control outputs 
(RTS and two general purpose) are 
provided. Because the modem control 
inputs and outputs are general purpose 
in nature, they can be optionally 
programmed for other functions. 
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FEATURES 


General Features 


® Dual full-duplex synchronous/ 
asynchronous receiver and transmitter 


@ Multiprotocol operation 
~ BOP: HDLC/ADCCP, SDLC, SDLC loop, 
X.25 or X.75 link level, etc. 
— COP: BISYNC, DDCMP 
— ASYNC: 5-8 bits plus optional parity 
® Four character receiver and transmitter 
FIFOs 


® 0 to 4MHz data rate 


© Programmable bit rate for each receiver 
and transmitter selectable from: 
— 16 fixed rates: 50 to 38.4k baud 
— One user-defined rate derived from 
programmable counter/timer 
— External 1X or 16X clock 
— Digital phase-locked loop 


® Parity and FCS (frame check sequence 
LRC or CRC) generation and checking 


® Programmable data encoding/decoding: 
NRZ, NRZI, FMO, FM1, Manchester 


® Programmable channel mode: full- and 
half-duplex, auto-echo, or local loopback 


® Programmable data transfer mode: polled, 
interrupt, DMA, wait 
@ DMA interface 
— Compatible with the Signetics 
SCB68430 Direct Memory Access 
Interface (DMAI) and other DMA 
controllers 
— Single- or dual-address dual transfers 
— Half- or full-duplex operation 
~— Automatic frame termination on 
counter/timer terminal count or DMA 
DONE 


® Interrupt capabilities 
— Daisy chain option 
— Vector output (fixed or modified by 
Status) 
— Programmable internal priorities 
~— Maskable interrupt conditions 
® Multi-function programmable 16-bit 
counter/timer 
— Bit rate generator 
— Event counter 


ORDERING INFORMATION 


DESCRIPTION 


48-Pin Plastic DIP 
52-Pin PLCC 
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Voc = +5V +5%, Ta = 0°C to +70°C 


Serial Data Rate = 
2.5Mbps Maximum 


SCN68562C2N48 
SCN68562C2A52 


— Count received or transmitted 
characters 

— Delay generator 

— Automatic bit length measurement 


® Modem controls 
— RTS, CTS, DCD, and up to four general 
/O pins per channel 
— CTS and DCD programmable 
autoenables for Tx and Rx 
~ Programmable interrupt on change of 
CTS or DCD 


® On-chip oscillator for crystal 
® TTL compatible 
®@ Single +5V power supply 


Asynchronous Mode Features 
® Character length: 5 to 8 bits 
®@ Odd or even parity, no parity, or force parity 


® Up to two stop bits programmable in 
1/16-bit increments 


® 1X or 16X Rx and Tx clock factors 
® Parity, overrun, and framing error detection 
® False start bit detection 


® Start bit search 1/2-bit time after framing 
error detection 


@ Break generation with handshake for 
counting break characters 


® Detection of start and end of received 
break 


® Character compare with optional interrupt 
on match 


@ Transmits up to 4Mbs and receive up to 
2Mbps data rates 


Character-Oriented Protocol 
Features 


® Character length: 5 to 8 bits 

®@ Odd or even parity, no parity, or force parity 
@ LRC or CRC generation and checking 

® Optional opening PAD transmission 

®@ One or two SYN characters 

@ External sync capability 


®@ SYN detection and optional stripping 


Serial Data Rate = 
4Mpbs Maximum 


SCN68562C4N48 
SCN68562C4A52 
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® SYN or MARK linefill on underrun 
@ Idle in MARK or SYNs 


® Parity, FCS, overrun, and underrun error 
detection 


BISYNC Features 

— EBCDIC or ASCII header, text and 
control messages 

~ SYN, DLE stripping 

— EOM (end of message) detection and 
transmission 

~ Auto transparent mode switching 

~— Auto hunt after receipt of EOM sequence 
(with closing PAD check after EOT or 
NAK) 

— Control character sequence detection for 
both transparent and normal text 


Bit-Oriented Protocol Features 
® Character length: 5 to 8 bits 


® Detection and transmission of residual 
character: 0-7 bits 


® Automatic switch to programmed character 
length for 1 field 


® Zero insertion and deletion 
® Optional opening PAD transmission 


@ Detection and generation of FLAG, 
ABORT, and IDLE bit patterns 


® Detection and generation of shared (single) 
FLAG between frames 


® Detection of overlapping (shared zero) 
FLAGs 


@ ABORT, ABORT-FLAGs, or FCS FLAGs 
linefill on underrun 


®@ idle in MARK or FLAGs 


®@ Secondary address recognition including 
group and global address 


@ Single- or dual-octet secondary address 
® Extended address and control fields 
@ Short frame rejection for receiver 


® Detection and notification of received end 
of message 


® CRC generation and checking 
®@ SDLC loop mode capability 
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BLOCK DIAGRAM 


DTACKN 
RWN 
A1-A6 
CSN 
RESETN 


RTxDRQAN/GPO1AN 
RTxDRQOBN/GPO1BN 
TxDROAN/GPO2AN <—— 
TxDRQBN/GPO2BN 
RTxDAKAN/GPITAN — 
RTxDAKBN/GPI1BN 
TxDAKAN/GPI2AN 
TxDAKBN/GPI2BN 
DTCN 
DONEN 


TRxCA/B 

RTxCA/B 

RTSBN/SYNOUTBN 

RTSAN/SYNOUTAN 
CTSA/BN -———~) 

DCDBN/SYNIBN 

DCDAN/SYNIAN 


X1/CLK 
X2ADCN 
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CHANNEL MODE 
AND TIMING A/B 


DPLL CLK 
MUX A/B 


BUS 
BUFFER 


MPU 
INTERFACE 


DMA INTERFACE 


SPECIAL 
FUNCTION 
PINS 





DPLL A/B 


COUNTER/ 
TIMER A/B 
C/T CLK 
MUX A/B 
CTCRA/B 
CTPRHA/B 
CTPRLA/B 


CTHA/B 
CTLA/B 


INTERFACE/ 
OPERATION 
CONTROL 


ADDRESS 
DECODE 


R/W 
DECODE 


DMA 
CONTROL 


CMR1A/B 
CMR2A/B 


TRANSMT A/B 


TRANS CLK 
MUX 
TPRA/B 
TTRA/B 
TX SHIFT 
REG 


TRANSMIT 
4 DEEP 
FIFO 


CRC 
GEN 
SPEC CHAR 
GEN LOGIC 


RECEIVER A/B 


RCVR CLK 
MUX 


RCVR 
SHIFT REG 


RECEIVER 
4 DEEP 
FIFO 


CRC 
ACCUM 


BISYNC 
COMPARE 
LOGIC 


INTERNAL BUS 


TxD A/B 


INTERRRUPT 
CONTROL 


ICRA/B 
IERA/B 





RxD A/B 


OSCILLATOR 
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PIN DESCRIPTION 


In this data sheet, signals are discussed using the terms ‘active’ and ‘inactive’ or ‘asserted’ and ‘negated’ independent of whether the signal is active 
in the High (logic 1) or Low (logic 0) state. N at the end of a pin name signifies the signal associated with the pin is active-Low (see individual pin 
description for the definition of the active level of each signal.) Pins which are provided for both channels are designated by A/B after the name of 
the pin and the active-Low state indicator, N, if applicable. A similar method is used for registers provided for both channels: these are designated 
by either an underline or by A/B after the name. 


NAME AND FUNCTION 


Address Lines: Active-High. Address inputs which specify which of the internal registers 
is accessed for read/write operation. 


Bidirectional Data Bus: Active High, 3-State. Bit 0 is the LSB and bit 7 is the MSB. All 
data, command, and status transfers between the CPU and the DUSCC take place over 
this bus. The data bus is enabled when CSN is Low, during interrupt acknowledge cycles 
and single-address DMA acknowledge cycles. 
























Read/Write: A High input indicates a read cycle and a Low input indicates a write cycle 
when a cycle is initiated by assertion of the CSN input. 








Chip Select: Active-Low input. When Low, data transfers between the CPU and the 
DUSCC are enabled on DO — D7 as controlled by the R/WN and A1 — A6 inputs. When 
CSN is High, the DUSCC is isolated from the data bus (except during interrupt acknowl- 
edge cycles and single-address DMA transfers) and DO — D7 are placed in the 3-State 

condition. 


Data Transfer Acknowledge: Active-Low, 3-State. DTACKN is asserted on a write cycle 
to indicate that the data on the bus has been latched, and on a read cycle or interrupt ac- 
knowledge cycle to indicate valid data is on the bus. The signal is negated when comple- 
tion of the cycle is indicated by negation of the CSN or IACKN input, and returns to the 
inactive state (3-State) a short period after it is negated. In a single address DMA mode, 
data is latched with the falling edge of DTCN. DTACKN is negated when completion of the 
cycle is indicated by the assertion of DTCN or negation of DMA acknowledge inputs (whi- 
chever occurs first), and returns to the inactive state (3-State) a short period after it is ne- 
gated. When negated, DTACKN becomes an open-drain output and requires an external 
pull-up resistor. 
























Interrupt Request: Active-Low, open-drain. This output is asserted upon occurrence of 
any enabled interrupting condition. The CPU can read the general status register to deter- 
mine the interrupting condition(s), or can respond with an interrupt acknowledge cycle to 

cause the DUSCC to output an interrupt vector on the data bus. 


Interrupt Acknowledge: Active-Low. When IACKN is asserted, the DUSCC responds by 
placing the contents of the interrupt vector register (modified or unmodified by status) on 
the data bus and asserting DTACKN. If no active interrupt is pending, DTACKN is not 
asserted. 














Crystal or External Clock: When using the crystal oscillator, the crystal is connected 
between pins X1 and X2. If acrystal is not used, and external clock is supplied at this 
input. This clock is used to drive the internal bit rate generator, as an optional input to the 
counter/timer or DPLL, and to provide other required clocking signals. 















Crystal or Interrupt Daisy Chain: When a crystal is used as the timing source, the crys- 
tal is connected between pins X1 and X2. This pin can be programmed to provide and 
interrupt daisy chain active-Low output which propagates the IACKN signal to lower priority 
| devices, if no active interrupt is pending. This pin should be grounded when an external 
clock is used on X1 and X2, is not used as an interrupt daisy chain output. 






Master Reset: Active-Low. A low on this pin resets the transmitters and receivers and 
resets the registers shown in Table 1. Reset in asynchronous, i.e., no clock is required. 













Channel A (B) Receiver Serial Data Input: The least significant bit is received first. If 
external receiver clock is specified for the channel, the input is sampled on the rising edge 
of the clock. 





Channel A (B) Transmitter Serial Data Output: The least significant bit is transmitted 
first. This output is held in the marking (High) condition when the transmitter is disabled or 
when the channel is operating in local loopback mode. {f external transmitter clock is spe- 
cified for the channel, the data is shifted on the falling edge of the clock. 






Channel A (B) Receiver/Transmitter Clock: As an input, it can be programmed to supply 
the receiver, transmitter, counter/timer, or DPLL clock. As an output, can supply the coun- 
ter/timer output, the transmitter shift clock (1X), or the receiver sampling clock (1X). The 
maximum external receiver/transmitter clock frequency is 4MHz. 





RTxCA, RTxCB 39, 10 | 
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PIN DESCRIPTION (Continued) 


DIP 
MNEMONIC PIN NO. TYPE 


_ lo 
CTSA/BN, LCA/ 32, 17 /O 
BN 
DCDA/BN, 38, 11 
SYNIA/BN 
RTxDRQA/BN, 34, 15 
GPO1A/BN 


NAME AND FUNCTION 


Channel A (B) Transmitter/Receiver Clock: As an input, it can supply the receiver, 
transmitter, counter/timer, or DPLL clock. As an output, it can supply the counter/timer 
output, the DPLL output, the transmitter shift clock (1X), the receiver sampling clock (1X), 
the transmitter BRG clock (16X), The receiver BRG clock (16X), or the internal system 
clock (X1/2). The maximum external receiver/transmitter clock frequency is 4MHz. 



























Channel A (B) Clear-To-Send Input or Loop Contro! Output: Active-Low. The signal 
can be programmed to act as an enable for the transmitter when notin loop mode. The 
DUSCC detects logic level transitions on this input and can be programmed to generate an 
interrupt when a transition occurs. When operating in the COP loop mode, this pin be- 
comes a loop control output which is asserted and negated by DUSCC commands. This 
output provides the means of controlling external loop interface hardware to go on-line and 
off-line without disturbing operation of the loop. 












Channel A (B) Data Carrier Detected or External Sync Input: The function of this pin is 
programmable. As a DCD active-Low input, it acts as an enable for the receiver or can be 
used as a general purpose input for the DCD function, the DUSCC detects logic level 
transitions on this input and can be programmed to generate an interrupt when a transition 
occurs. As an active-Low external sync input, it is used in COP modes to obtain character 
synchronization without receipt of a SYN character. This mode can be used in disc or 
tape controller applications or for the optional byte timing lead in X.21. 

















Channel A (B) Receiver/Transmitter DMA Service Request or General Purpose 
Output: Active-Low. For half-duplex DMA operation, this output indicates to the DMA 
controller that one or more characters are available in the receiver FIFO (when the receiver 
is enabled) or that the transmit FIFO is not full (when the transmitter is enabled). For 
full-duplex DMA operation, this output indicates to the DMA controller that data is available 
in the receiver FIFO. In non-DMA mode, this pin is a general purpose output that can be 
asserted and negated under program control. 















TxDRQA/BN, 
GPO2A/BN, 
RTSA/BN 


Channel A (B) Transmitter DMA Service Request, General Purpose Output, or Re- 
quest-to-Send: Active-Low. For full-duplex DMA operation, this output indicates to the 
DMA controller that the transmit FIFO is not full and can accept more data. When not in 
full-duplex DMA mode, this pin can be programmed as a general purpose or a Request-to 
-Send output, which can be asserted and negated under program control (see Detailed 
Operation). 












RTxDAKA/BN, 
GP1I1A/BN 


Channel A (B) Receiver/Transmitter DMA Acknowledge or General Purpose Input: 
Active-Low. For half-duplex single address DMA operation, this input indicates to the 
DUSCC that the DMA controller has acquired the bus and that the requested bus cycle 
(read receiver FIFO or load transmitter FIFO) is beginning. For full-duplex single address 
DMA operation, this input indicates to the DUSCC that the DMA controller has acquired the 
bus and that the requested read receiver FIFO bus cycle is beginning. Because the state 
of this input can be read under program control, it can be used as a general purpose input 
when not in single address DMA mode. 
















TxDAKA/BN, 
GP 12A/BN 


Channel A (B) Transmitter DMA Acknowledge or General Purpose Input: Active-Low. 
When the channel is programmed for full-duplex single address DMA operation, this input 
is asserted to indicate to the DUSCC that the DMA controller has acquired the bus and that 
the requested load transmitter FIFO bus cycle is beginning. Because the state of this input 
can be read under program control, it can be used as a general purpose input when not in 
full-duplex single address DMA mode. 


Device Transfer Complete: Active-Low. DTCN is asserted by the DMA controller to indi- 
cate that the requested data transfer is complete. 


Done: Active-Low, open-drain. See Detailed Operation for a description of the function of 
this pin. 




















RTSA/BN, 
SYNOUTA/BN 


Channel A (B) Sync Detect or Request-to-Send: Active-Low. If programmed as a sync 
output, it is asserted one bit time after the specified sync character (COP or BISYNC 
modes) or a FLAG (BOP modes) is detected by the receiver. As a Request-to-Send mo- 
dem control signal, it functions as described previously for the TXDRQN/RTSN pin. 


| 48 +5V + 10% power input. 
Signal and power ground input. 
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ABSOLUTE MAXIMUM RATINGS! 


eee 


Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operation section of this specification is not 
implied. 

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature and thermal resis- 
tance of 40°C/W for plastic DIP and 42°C/W for PLCC. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 


DC ELECTRICAL CHARACTERISTICS! 2: 5 Ty = 0 to +70°C, Voc = 5.0V + 5% 


SYMBOL PARAMETER TEST CONDITIONS 
Vir Input low voltage: 
All except X1/CLK 
X1/CLK 
Vin Input high voltage: 
All except X1/CLK 
X1/CLK 
Voi Output low voltage: 
All except IRQN, DONEN lo. = 5.3mMA 
IRQN, DONEN lo, = 8.8mMA 
Output high voltage: 
Vo (Except open drain outputs) lon = -400pA 


H 4 
lox X1/CLK input low current* Vin = 0, X2 = GND 55 
laxs X1/CLK input high current* Vin = Voc, X2 = GND 
lixe | X2 input low current* Vin = 0, X1 = open -100 
luxe X2 input high current* Vin = Voc, X1 = open 

: = 0 


















2.0 
2.4 



















oo 
ho 


Voc 











O° 
oo 


0.0 
1.0 
100 


he Input low current 
DTCN, TxDAKA/BN, RTxDAKA/BN Vin =0 - 
I 


4 
5 


lozH Output off current high, 3-State data bus Vin = Vee 
loz Output off current low, 3-State data bus Vin =O - 












Open drain output low current in off Vin = 0 
state: DONEN -120 -25 
IRON, DTACKN -5 


Open drain output high current in off 
state: DONEN, IRQN, DTACKN 


Power supply current [Wor teves i 


Vin = Vec 


ol 





rm 
NI 
or 





Cin Input capacitance? Voc = GND = 0 10 
Court Output capacitance? Vcc = GND = 0 15 
Cio Input/output capacitance? Veco = GND =0 


NOTES: 

1. Parameters are valid over specified temperature and voltage range. 

2. All voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a transi-. 
tion time of 20ns maximum. For X1/CLK, this swing is between OV and 2.8V. All time measurements are referenced at input voltages of 0.8V 
and 2.0V and output voltages of 0:8V and 2.0V, as appropriate. . 
These values were not explicitly tested; they are guaranteed by design and characterization data. 

X1/CLK and X2 are not tested with a crystal installed. 

This specification applies to revision C, revision E and later revisions. 


OVO 
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AC ELECTRICAL CHARACTERISTICS! 2; 3,4 1, = -55 to +110°c, Veco = 5V + 10% 


LIMITS 
FIGURE PARAMETER 
12 RESETN pulse width 


A1 - A6 set-up time to CSN Low 

A1 - A6 hold time from CSN High 

RWN set-up time to CSN Low 

RWN hold time to CSN High 

CSN High pulse width4 

CSN or IACKN High from DTACKN Low 
IACKN High to DTACKN High 

Data valid from CSN or IACKN Low 
Data bus floating from CSN High’ 

Data hold time from DTACKN Low® 
DTACKN Low from read data ready 
DTACKN Low from CSN Low 

CSN Low to write data valid 

DTACKN High from CSN High 

DTACKN high impedance from CSN High 
DTACKN Low from IACKN Low 


GPI input set-up time to CSN Low 
GPI input hold time from CSN Low 
GPO output valid from DTACKN Low 


IRQN High from: 

Read RxFIFO (RxRDY interrupt) 

Write TxFIFO (TxRDY interrupt)? 

Write RSR (Rx condition interrupt)® 
Write TRSR (Rx/Tx interrupt)® 

Write ICTSR (port change and CT int.)® 


i 





X1/CLK High or Low time 
X1/CLK frequency 

CTCLK High or Low time 
CTCLK frequency 

RxC High or Low time 

RxC frequency (16X or 1X)? 
TxC High or Low time 

TxC frequency (16X or 1X) 


TxD output from TxC input Low (1X) 
(16X) 
TxD output from TxC output Low 


RxD data set-up time to RxC High 
RxD data hold time from RxC High 


Data valid from receive DMA ACKN 

DTCN width 

RDYN Low to DTCN Low 

Data bus float from DTCN Low? 

DMA ACKN Low to RDYN (DTACKN) Low 
RDYN High from DTCN Low 

RDYN High impedance from DTCN Low 
Receive DMA REQN High from DMA ACKN Low 
Receive DMA ACKN width 

Receive DMA ACKN Low to DONEN Low 

Data set-up to DTCN Low 

Data hold from DTCN Low® 

Transmit DMA REQN High from ACKN Low 
Transmit DMA ACKN width 

Transmit DMA ACKN Low to DONEN Low output 
DTCN Low DONEN output High 


CSN Low to transmit DONEN Low output 
CSN Low to transmit DMA REQ negated 
CSN Low to receive DONEN Low 

CSN Low to receive DMA REQ negated 
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NOTES: 


1. Parameters are valid over specified temperature range. 

2. All voltage measurements are referenced to ground (GND). For D.C. and functional testing, all inputs except X1/CLK swing between 0.4V 
and 2.4V with a transition time of 20ns maximum. For X1/CLK, this swing is between 0.4V and 4.4V All time measurements are referenced 
at input voltages of 0.2V and 2.4V for all inputs. Output levels are referenced at 1.5V. 


o 


Test conditions for outputs: CL = 150pF, except open-drain outputs. Test condition for open-drain outputs: Cy = 50pF to GND, R, = 2.7kQ to 


Vcc except DTACKN whose RL - 820Q to Vcc and C, = 150pF to GND and DONEN which requires C, = 50pF to GND and RL = 1kQ to 


Voc. 


OONAAS 


REGISTERS 

The addressable registers of the DUSCC are 
shown in Table 1. The following rules apply to 
all registers: 


1. Aread from a reserved location in the 
map results in a read from the ‘null regis- 
ter’. The null register returns all ones for 
data and results in a normal bus cycle. A 
write to one of these locations results ina 
normal bus cycle without a write being 
performed. 


~ 


Unused bits of a defined register are read 
as zeros, unless ones have been loaded 
after master reset. 


Bits that are unused in the chosen mode 
but are used in others are readable and 

writable but their contents are ignored in 
the chosen mode. 


= 


Bang 


. Allregisters are addressable as 8-bit 
quantities. To facilitate operation with the 
68000 MOVEP instruction, addresses are 
ordered such that certain sets of registers 
may also be accessed as words or long 
words. 


The operation of the DUSCC is programmmed 
by writing control words into the appropriate re- 
gisters. Operational feedback is provided via 
status registers which can be read by the CPU. 
The contents of certain control registers are ini- 
tialized on RESET. Care should be exercised 
if the contents of a register are changed during 
Operation, since certain changes may cause 
operational problems, e.g., changing the chan- 
nel mode at an inappropriate time may cause 
the reception or transmission of an incorrect 
character. In general, the contents of registers 
which control transmitter or receiver operation, 
or the counter/timer, should be changed only 
when they are not enabled. 


The DUSCC registers can be separated into 
five groups to facilitate their usage: 


1. Channel mode configuration and pin de- 
scription registers. 


2. Transmitter and receiver parameter and 
timing registers. 
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3. Counter/timer control and value registers. 
4. Interrupt control and status registers. 
5. Command register. 


This arrangement is used in the following de- 
scription of the DUSCC registers. 


Channel Mode Configuration and 
Pin Description Registers 

There are five registers in this group for each 
channel. The bit format for each of these regis- 
ters is contained in Table 2. The primary func- 
tion of these registers is to define configuration 
of the channels and the function of the program- 
mable pins. A channel cannot be dynamically 
reconfigured. Do not write to CMR1 or CMR2 
if the receiver or transmitter is enabled. 


Channel Mode Register 1 
(CMR1A, CMR1B) 


[7:6] Data Encoding — These bits select the 
data encoding for the received and transmitted 
data: 


00 If the DPLL is set to NRZ! mode (see 
DPLL commands), it selects positive 
logic (1 = High, 0 = Low). If the DPLL 
is set to FM mode (see DPLL com- 
mands), Manchester (bi-phase level) 
encoding is selected. 


01 NRZI. Non-return-to-zero inverted. 

10 FMO. Bi-phase space. 

11 FM1. Bi-phase mark. 

[5] Extended Control (BOP) — 

0 No. A one-octet control field follows 
the address field. 

1 Yes. A two-octet control field follows 
the address field. 


[5] Parity (COP/ASYNC), Code Select 
(BISYNC) — 


Even parity if with parity is selected by 
[4:3] or a O in the parity bit position if 
force parity is selected by [4:3]. In BI- 
SYNC protocol mode, internal char- 
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This specification will impose maximum 68000 CPU CLK to 6MHz. Higher CPU CLK can be used if repeating bus cycles are not performed. 
Execution of the valid command (after it is latched) requires three falling edges of X1 (see Figure 14). 

. In single address DMA mode write operation, data is latched by the falling edge of DTCN. ; 
These values were not explicitly tested, they are guaranteed by design and characterization data. 
These timings are from the falling edge of DTACKN (not CSN rising). 
X1/CLK frequency must be at least four times the receiver serial data rate. 


acter comparisons are made using 
EBCDIC coding. 


1 Odd parity if with parity is selected by 
[4:3] or a 1 in the parity bit position if 
force parity is selected by [4:3]. In BI- 
SYNC protocol mode, internal char- 
acter comparisons are made using 
7-bit plus odd parity ASCII coding. 
(Note: The receiver should be pro- 
grammed for /7-bit characters, 
RPR[1:0] = 11, with no parity, 
CMR1[4:3] = 00.) 


[4:3] Address Mode (BOP) — This field con- 
trols whether a single octet or multiple octets 
follow the opening FLAG(s) for both the receiv- 
er and the transmitter. This field is activated by 
selection of BOP secondary mode through the 
channel protocol mode bits CMR1[2:0] (see 
Detailed Operation). 


00 Single-octet address. 

01 Extended address. 

10 Dual-octet address. 

1 Dual-octet address with group. 


[4:3] Pairty Mode (COP/ASYNC) — This field 
selects the parity mode for both the receiver 
and the transmitter. A parity bit is added to the 
programed character length if with parity or 
force parity is selected: 


00 No pairty. Required when BISYNC 
protocol mode is programmed. 


01 Reserved. 

10 With parity. Odd or even parity is se- 
lected by [5]. 

11 Force parity. The parity bit is forced to 


the state selected by [5]. 


[2:0] Channel Protocol Mode — This field se- 
lects the operational protocol and submode for 
both the receiver and transmitter: 


000 BOP Primary. No address compari- 
son is performed. For receive, all 
characters received after the opening 


FLAG(s) are transferred to the FIFO. 
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001 BOP Secondary. This mode acti- 
vates the address modes selected by 
[4:3]. Except in the case of extended 
address ([4:3] = 01), and address 
comparison is performed to deter- 
mine if a frame should be received. 
Refer to Detailed Operation for details 
of the various addressing modes. Ifa 
valid comparison occurs, the receiver 
is activated and the address octets 
and all subsequent received charac- 
ters of the frame are transferred to the 
receive FIFO. 


010 BOP Loop. The DUSCC acts as a 
secondary station in a loop. The 
GO-ON-LOOP and GO-OFF-LOOP 

Table 1. 


ADDRESS BITS* 
654321 


CMR1 
CMR2 
SiR 
S2R 
TPR 
TTR 
RPR 
RTR 
CTPRH 
CTPRL 
CTCR 
OMR 
CTH 
CTL 
PCR 
CCR 
TxFIFO 
RxFIFO 
RSR 
TRSR 
ICTSR 
GSR 
IER 


Qa 
Oo 


IVR 
IVRM 
ICR 


0 
0 
0 
0 
0 
0 
0 
1 

1 

1 
1 
1 
1 
1 

1 

1 
1 
1 
1 


c 
c 
c 
Cc 
Cc 
c 
c 
c 
c 
Cc 
Cc 
Cc 
d 
c 
c 
0 
1 
0 
1 


NOTES: 
* c¢=0 for Channel A, c = 1 for Channel B. 


ACRONYM 


commands are used to cause the 
DUSCC to go on and off the loop. 
Normally, the TxD output echos the 
RxD input with a two-bit time delay. If 
the transmitter is enabled and the ‘go 
active on poll’ command has been as- 
serted, the transmitter will begin 
sending when an EOP sequence con- 
sisting of a zero followed by seven 
ones is detected. The DUSCC 
changes the last one of the EOP to 
zero, making it another FLAG, and 
then operates as described in the De- 
tailed Operation section. The loop 
sending status bit (TRSR[6]_ is as- 
serted concurrent with the beginning 
of transmission. The frame should 


DUSCC Register Address Map 


REGSITER NAME 


Channel Mode Register 1 

Channel Mode Register 2 

SYN 1/Secondary Address 1 Register 
SYN 2/Secondary Address 2 Register 
Transmitter Parameter Register 
Transmitter Timing Register 

Receiver Parameter Register 
Receiver Timing Register 
Counter/Timer Preset Register High 
Counter/Timer Preset Register Low 
Counter/Timer Control Register 
Output and Miscellaneous Register 
Counter/Timer High 

Counter/Timer Low 

Pin Configuration Register 

Channel Command Register 
Transmitter FIFO 

Receiver FIFO 

Receiver Status Register 

Transmitter and Receiver Status Register 
Input and Counter/Tlmer Status Register 
General Status Register 

Interrupt Enable Register 

Not used 

Interrupt Vector Register— Unmodified 
Interrupt Vector Register— Modified 
Interrupt Control Register 

Not used 


d = don’t care — register may be accessed as either channel. 
x = don’t care — FIFOs are addressable at any of four adjacent addresses to allow them to be addressed as byte/word/long word with the 


68000 MOVEFP instruction. 


** A write to this register may perform a status resetting operation. 


100 COP Dual SYN. Character sync is 
achieved upon receipt of a bit se- 
quence matching the contents of the 
appropriate bits of S1R and S2R 
(SYN1-SYN2), including parity bits if 
any. 


101 COP Dual SYN (BISYNC). Character 
sync is achieved upon receipt of a bit 
sequence matching the contents of 
the appropriate bits of S1R and S2R 
(SYN1-SYN2). In this mode, special 
transmitter and receive logic is acti- 
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vated. Transmitter and receiver char- 
acter length must be programmed to 
8 bits and no parity (see Detailed Op- 
eration). 


110 COP Single SYN. Character sync is 
achieved upon receipt of a bit se- 
quence matching the contents of the 
appropriate bits of S1R (SYN1), in- 
cluding parity bit if any. This mode is 
required when the external sync 
mode is selected (see description of 
RPR[4], BOP/COP). 
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normally be terminated with an EOM 
followed by an echo of the marking 
RxD line so that secondary stations 
further down the loop can append 
their messages to the messages from 
up-loop stations by the same process. 
If the ‘go active on poll’ command is 
not asserted, the transmitter remains 
inactive (other than echoing the re- 
ceived data) even when the EOP se- 
quence is received. 


011 BOP Loop without address compari- 
son. Same as normal loop mode ex- 
cept that address field comparisons 
are disabled. All received frames are 
transmitted to the CPU. 


AFFECTED 


No 

No 
Yes—00 
No 

No 

No 
Yes—00 
Yes—00 
Yes 
Yes—0O0 
Yes—00 


Yes—OF 
Yes—OF 
Yes—00 





111 Asynchronous. Start/stop format. 


Channel Mode Register 2 
(CMR2A, CMR2B) 


[7:6] Channel Connection — This field se- 
lects the mode of operation of the channel. The 
user must exercise care when switching into 
and out of the various modes. The selected 
mode will be activated immediately upon mode 
selection, even if this occurs in the middle of a 
received or transmitted character. 
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00 Normal mode. The transmitter and 
receiver operate independently in ei- 
ther half- or full-duplex, controlled by 
the respective enable commands. 

01 Automatic echo mode. Automatically 
retransmits the received data with a 
half-bit time delay (ASYNC, 16X clock 
mode) or a two-bit time delay (all other 
modes). The following conditions are 
true while in automatic echo mode: 
1. Received data is reclocked and 

retransmitted on the TxD output. 


2. The receiver clock is used for the 
transmitter for ASYNC 16X clock 
mode. For other modes the 
transmitter clock must be 
supplied. 


3. The receiver must be enabled, 
but the transmitter need not be 
enabled. 


4. The TxRDY and underrun status 
bits are inactive. 


5. The received parity and/or FCS 
are checked if required, but are 
not regenerated for transmission, 
i.@., transmitted parity and/or 
FCS are as received. 


6. In ASYNC mode, character fram- 
ing is checked, but the stop bits 
are retransmitted as received. A 
received break is echoed as re- 
ceived. 


7. CPU to receiver communication 
continues normally, but the CPU 
to transmitter link is disabled. 


10 Local loopback mode. In this mode: 


1. The transmitter data output and 
clock are internally connected to 
the receiver. 


2. The transmit clock is used for the 
receiver if NRZI or NRZ encoding 
is used. For FM or Manchester 
encoding because the receiver 
clock is derived from the DPLL, 
the DPLL source clock must be 
maintained. 


3. The TxD output is held High. 
4. The RxD input is ignored. 


5. The receiver and transmitter 
must be enabled. 


6. CPU to transmitter and receiver 
communications continue nor- 
mally. 


11 Reserved. 
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[5:3] Data Transfer Interface — This field spe- 
cifies the type of data transfer between the 
DUSCC’s Rx and TxFIFOs andthe CPU. Allin- 
terrupt and status functions operate normally 
regardless of the data transfer interface pro- 
grammed. Refer to Detailed Operation for de- 
tails of the various DMA transfer interfaces. 


000 Half-duplex single address DMA. 
001 Half-duplex dual address DMA. 
010 Full-duplex single address DMA. 


011 Full-duplex dual address DMA. 


100 Wait on receive only. In this mode a 
read of a non-empty receive FIFO re- 
sults ina normal bus cycle. However, 
if the receive FIFO of the channel is 
empty when a read Rx FIFO cycle is 
initiated, the DTACKN output remains 
negated until a character is received 
and loaded into the FIFO. DTACKN 
is then asserted and the cycle is com- 
pleted normally. 


101 Wait on transmit only. In this mode a 
write to a non-full transmit FIFO re- 
sults in anormal bus cycle. However, 
if the transmit FIFO of the channel is 
full when a write TXFIFO cycle is initi- 
ated, the DTACKN output remains ne- 
gated until a FIFO position becomes 
available for the new character. 
DTACKN is then asserted and the 
cycle is completed normally. 


110 Wait on transmit and receive. As 
above for both wait on receive and 
transmit operations. 


111 Polled or interrupt. DMA and wait 
function of the channel are not acti- 
vated. Data transfers to the Rx and 
TxFIFQs are via normal bus read and 
write cycles in response to polling of 
the status registers and/or interrupts. 


[2:0] Frame Check Sequence Select — This 
field selects the optional frame check sequence 
(FCS) to be appended at the end of a trans- 
mitted frame. When CRC is selected in COP, 
then no pairty and 8-bit character length must 
be used. The selected FCS is transmitted as 
follows: 


1. Following transmission of a FlFOed char- 
acter tagged with the ‘send EOM’ com- 
mand. 


2. If underrun control (TPR[7:6}) is pro- 
grammed for TEOM, upon occurrence of 
an underrun. 


3. If TEOM on zero count or done (TPRI4]) 
is asserted and the counter/timer is count- 
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‘ing transmitted characters, after transmis- 
sion of the character which causes the 
counter to reach zero count. 


4. In DMA mode with TEOM on zero count 
or done (TPR[4)) set, after transmission of 
a character if DONEN is asserted when 
that character was loaded into the TxFIFO 
by the DMA controller. 


000 No frame check sequence. 
001 Reserved 


010 LRC8: Divsior = x® + 1, dividend pre- 
setto zeros. The Tx sends the calcu- 
lated LRC non-inverted. The Rx 
indicates and error if the computed 
LRC is not equal to 0. Valid for COP 
modes only. 


O11 LRC8: Divisor = x8 + 1, dividend pre- 
set to ones. The Tx sends the calcu- 
lated LRC non-inverted. The Rx 
indicates an error if the computed 
LRC is not equal to 0. Valid for COP 
modes only. 


100 °CRC16: Divisor - x1® + x15 4 x2 41, 
dividend preset to zeros. The Tx 
sends the calculated CRC non-in- 
verted. The Rx indicates an error if 
the comuted CRC is not equal to 0. 


Not valid for ASYNC mode. 


101 CRC16: Divisor = x'® + x15 4 x? +1, 
dividend preset to ones. The Tx 
sends the calculated CRC non-in- 
verted. The Rx indicates an error if 
the computed CRC is not equal to 0. 
Not valid for ASYNC mode. 


110 CRC-CCITT: Divisor = x'® + x12 4 x5 
+ 1, dividend preset to zeros. The Tx 
sends the calculated CRC non-in- 
verted. The Rx indicates an error if 
the computed CRC is not equal to 0. 
Not valid for ASYNC mode. 


111 CRC-CCITT. Divisor = x'® + x!2 + x5 
+ 1, dividend preset to ones. The Tx 
sends the calculated CRC inverted. 
The Rx indicates an error if the com- 
puted CRC is not equal to H'FOB8’. 
Not valid for ASYNC mode. 


SYN1/Secondary Address 1 
Register (S1RA, S1RB) 


[7:0} Character Compare — In ASYNC mode 
this register holds a 5- to 8-bit long bit pattern 
which is ocmpared with received characters. if 
a match occurs, the character compare status 
bit (RSR[7]) is set. This field is ignored if the re- 
ceiver is in a break condition. 
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In COP modes, this register contains the 5- to 
8-bit SYN1 bit pattern, right justified. Parity bit 
need not be included in the value placed in the 
register even is parity is specified in CMR1[4:3]. 
However, acharacter received with parity error, 
when parity is specified, will not match. In 
ASYNC, or COP modes, if parity is specified, 
then any unused bits in this register must be 
programmed to zeros. In BOP secondary 
mode it contains the address used to compare 
the first received address octet. The register is 
not used in BOP primary mode or secondary 
modes where address comparisons are not 
made, such as when extended addressing is 
specified. 


Table 2. 
CHANNEL MODE REGISTER 1 





SYN2/Secondary Address 2 
Register (S2RA, S2RB) 


[7:0] — This register is not used in ASYNC, 
COP single SYN, BOP primary modes, BOP 
secondary modes with single address field, and 
BOP secondary modes where address com- 
parisons are notmade, such as when extended 
addressing is specified. 


In COP dual SYN modes, it contains the 5- to 
8-bit SYN2 bit pattern, right justified, Parity bit 
need not be included in the value placed in the 
register even if parity is specified in CMR1[4:3]. 
However, a character received with parity error, 
when parity is specified, willnotmatch. If parity 
is specified, then any unused bits in this register 
mustbe programmed to zeros. In BOP second- 
ary mode using two address octets, it contains 


Channel Configuration/Pin Definition Registers Bit Formats 


BIT 7 BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BITO 


Data Encoding ena Address Mode (BOP) ee 


the partial address used to compare the second 
received address octet. 


Pin Configuration Register 
(PCRA, PCRB) 


This register selects the functions for multipur- 
pose |/O pins. 


[7] X2/IDC — This bit is defined only for PCRA. 
It is not used in PCRB. 


0 The X2/IDCN pin is used as acrystal 
connection. 
1 The X2/IDCN pin is the interrupt daisy 


chain output. 


[6] GPO2/RTS — The function of this pin is pro- 
grammable only when not operating in full-du- 
plex DMA mode. 















00 — NRZ/Manchester 
01 — NRZI 

10 — FMO 

11—FM1 


00 — 8-bit 
01 — extended address 
10 — 16-bit 

11 — 16-bit w/group 


Parity Mode (COP/ASYNC) 


0 — even 00 — no parity 
01 — reserved 

10 — with parity 
11 — force parity 


000 — BOP primary 

001 — BOP secondary 

010 — BOP loop 

011 — BOP loop — no adr. comp. 


















(CMR1A, 
CMR1B) 



















100 — COP dual SYN 

101 — COP dual SYN (BISYNC) 
110 — COP single SYN 

111 — asynchronous 







NOTE: 
* In BISYNC protocol mode, 0 = EBCDIC, 1 = ASCII coding. 


CHANNEL MODE REGISTER 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 
Channel Connection Data Transfer Interface Frame Check Sequence Select 


00 — normal 000 — half-duplex single address DMA 000 — none 
01 — auto echo 001 — half-dupiex dual address DMA 001 — reserved 

10 — local loop 010 — full-duplex single address DMA 010 — LRC8 preset Os 

11 — reserved 011 — full-duplex dual address DMA 011 — LRC8 preset ts 

100 — wait on Rx only 100 — CRC 16 preset Os 

101 — wait on Tx only 101 — CRC 16 preset 1s 
110 — wait on Rx or Tx 110 — CRC CCITT preset Os 
111 — polled or interrupt 111 — CRC CCITT preset 1s 










































(CMR2A, 
CMR2B) 








SYN1/SECONDARY ADDRESS REGISTER 1 


BIT 7 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 
(S1RA, 
S1RB) 


ASYNC — Character compare (5 — 8 bits) 
COP — SYN1 (5 —8 bits) 
BOP — First address octet 
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Table 2. 





PIN CONFIGURATION REGISTER 


X2/1DS 
0 — X2 
1— IDC 






0 — GPO2 
1—RTS 















NOTE: 
* PCRA only. Not used in PCRB. 


0 The TxDRQN/GPO2N/RTSN pin is a 
general purpose output. It is Low 
when OMR[2] is a 1 and High when 
OMR[2] is a O. 


1 The pin is a request-to-send output 
(see Detailed Operation). The logical 
state of the pin is controlled by 
OMR[0O]. When OMR{0] is set, the 
output is Low. 


[5] SYNOUT/RTS — 


0 The SYNOUTN/ATSN pin is an ac- 
tive-Low output which is asserted one 
bit time after a SYN pattern (COP 
modes) in HSRH/HSRL or FLAG 
(BOP modes) is detected in CCSR. 
The output remains asserted for one 
receiver clock period. See Figure 1 
for receiver data path. 


1 The pin is a request-to-send output 
(see Detailed Operation). The logical 
state of the pin is controlled by 
OMR[0] when OMR{0] is set, the out- 


put is Low. 
[4:3] RTxC — 
00 The pin is an input. It must be pro- 


grammed for input when used as the 
input for the receiver or transmitter 
clock, the DPLL, or the C/T. 


01 The pin is an output for the counter/ 
timer. Referto CTCRA/B description. 
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Channel Configuration/Pin Definition Registers Bit Formats (Continued) 
SYN2/SECONDARY ADDRESS REGISTER 2 | | 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 ~ BIT 2 
_ (S2RA, 
S2RB) 


ASYNC — not used 
COP — SYN2 (5 — 8 bits) 
BOP — Second address octet 





01 — C/T 
10 — TxCLK 1X 
11— RxCLK 1X 






The pin is an output for the transmitter 
shift register clock. 


The pin is an output for the receiver 
shift register clock. 


[2:0] TRxC — 


000 


001 


010 


011 


100 


101 


110 


111 


The pin is an input. It must be pro- 
grammed for input when used as the 
input for the receiver or transmitter 
clock, the DPLL, or the C/T. 


The pin is an output from the crystal 
oscillator divided by two. 


The pin is an output for the DPLL out- 
put clock. 


The pin is an output for the counter/ 
timer. Refer to CTCRA/B description. 


The pin is an output for the transmitter 
BRG at 16X the rate selected by TTR 


[8:0]. 


The pin is an output for the receiver 
BRG at 16X the rate selected by RTR 
[3:0]. 


The pin is an output for the transmitter 
shift register clock. _ 


The pin is an output for the receiver 
shift register clock. 


308 


000 —— input 
001 — XTAL/2 
010 — DPLL 
011 — C/T 
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BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT2 BITO 
GPO2/RTS | SYNOUT/RTS —— RTxC Pin TRxC Pin | 


0 — SYNOUT | 00 — input 
1— RTS 


100 — TxCLK 16X 
101 — RxCLK 16X 
110 — TxCLK 1X 
114 — RxCLK 1X 







Transmitter and Receiver Param- 


eter and Timing Registers 

This set of five registers contains the informa- 
tion which controls the operation of the trans- 
mitter and receiver for each channel. Table 3 
shows the bit map format for each of these re- 
gisters. The registers of this group are: 


1. Transmitter parameter and timing regis- 
ters (TPRA/B and TTRA/B) 


2. Receiver parameter and timing registers 
(RPRA/B and RTRA/B) 


3. Output and miscellaneous register 
(OMRA/B). 


The first and second group of registers define 
the transmitter and receiver parameters and 
timing. Included in the receiver timing registers 
are the programming parameters for the DPLL. 
The last register of the group, OMR contains 
additional transmitter and receiver information 
and controls the logical state of the output pins 
when they are not used as a part of the channel 
configuration. 


A channel cannotbe dynamically reconfigured. 
Do not write to the RPR if the receiver is en- 
abled, and do not write to the TPR if the trans- 
mitter is enabled. 
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Table 3. Transmitter and Receiver Parameter and Timing Register Bit Format 
TRANSMITTER PARAMETER REGISTER 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


ee Tx RTS CTs 
eee Control Enable Tx 
or Done 


00 — FCS-idle O—MARKs }|0—no 0 — no 0 — no 
01 — reserved 1— SYNs 1— yes 1— yes 1— yes 
10 — MARKs 
11— SYNs 
TEOM on 
Underrun Control Zero Cnt 
or Done 
00 — FCS-FLAG-idle O0—MARKs |0—no 
01 — reserved 1 — FLAGs 1— yes 
10 — ABORT-MARKs 
11 — ABORT-FLAGs 
Stop Bits Per Character 
9/16 to 1, 17/16 to 1.5, 25/16 to 2 
programmable in 1/16-bit increments 


TRANSMITTER TIMING REGISTER 


BIT 7 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


0 — RTxC 000 — 1X external one of sixteen rates from BRG 
001 — 16X external 

010 — DPLL 

011 — BRG 

100 — 2X other channel C/T 
101 — 32X other channel C/T 
110 — 2X own channel C/T 
111 — 32X own channel C/T 













Underrun Control Tx Character Length 















00 — 5 bits 
01 — 6 bits 
10 — 7 bits 
11 — 8 bits 































RECEIVER PARAMETER REGISTER 


not used not used Rx RTS Strip DCD Rx Character Length 
Control Parity Enable Rx 
0 —no 0 — no 0 —no 00 — 5 bits 
1— yes 1— yes 1 — yes 01 — 6 bits 







FCS to Auto Hunt Strip 10 — 7 bits 
0—no 0 —no 0 — no 0 — no 0 — no 
1— yes 1— yes 1— yes 1 — yes 1— yes 


not used FCS to Overrun not used All Parity 
FIFO Mode Address 

0—no 0 — hunt 0—no 

1— yes 1 — cont 1— yes 
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Table 3. 
RECEIVER TIMING REGISTER 






(RTRA, 
RTRB) 





External 
Source 









OUTPUT AND MISC REGISTER 












001 — 2 bits 
010 — 3 bits 
011 — 4 bits 
100 — 5 bits 
101 — 6 bits 
110 — 7 bits 
111 — same as TPR[1:0] 


Transmitter Parameter Register 
(TPRA, TPRB) 


[7:6] Underrun Control — In BOP and COP 
modes, this field selects the transmitter re- 
sponse in the event of an underrun (i.e., the 
TXFIFO is empty). 


00 Normal end of message termination. 
In BOP, the transmitter sends the FCS 
(if selected by CMR2[2:0]) followed by 
a FLAG and then either MARKs or 
FLAGs, as specified by [5]. In COP, 
the transmitter sends the FCS (if se- 
lected by CMR2[2:0]) and then either 
MARKs or SYNs, as specified by [5]. 


01 Reserved. 


10 In BOP, the transmitter sends an 
ABORT (11111111) and then places 
the TxD output in a marking condition 
until receipt of further instructions. In 
COP, the transmitter places the TxD 
output in a marking condition until re- 
ceipt of further instructions. 


11 In BOP, the transmitter sends an 
ABORT (11111111) and then sends 
FLAGs until receipt of further instruc- 
tion. In COP, the transmitter sends 
SYNs until receipt of further instruc- 
tions. 
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0 — RTxC 000 — 1X external 

1—TRxC | 001 — 16X external ASYNC 
010 — BRG protocol 
011 — C/T of channel mode only 


100 — DPLL, source = 64X X1/CLK 
101 — DPLL, source = 32X External 
110 — DPLL, source = 32X BRG 

111 — DPLL, source = 32X C/T 


Receiver Clock Select 





a AB} Tx Residual Character Length eae Aaa 
000 — 1 bit 0 — FIFO 0 — FIFO 













not full not empty 
1 — FIFO 1 — FIFO 
empty full 


[5] Idle — In BOP and COP modes, this bit se- 
lects the transmitter output during idle. Idle is 
defined as the state following a normal end of 
message until receipt of the next transmitter 
command. 


0 Idle in marking condition. 
1 Idle sending SYNs (COP) or FLAGs 
(BOP). 


[4] Transmit EOM on Zero Count or Done — 
In BOP and COP modes, the assertion of this 
bit causes the end of message (FCS in COP, 
FCS-FLAG in BOP) to be transmitted upon the 
following events: 


1. If the counter/timer is counting transmitted 
characters, after transmission of the char- 
acter which causes the counter to reach 
zero count. (DONEN is also asserted as 
an output if the channel is in a DMA oper- 
ation.) 


2. If the channel is operating in DMA mode, 
after transmission of a character if DO- 
NEN was asserted when that character 
was loaded into the TxFIFO by the DMA 
controller. 


[7:4] Stop Bits per character — In ASYNC 
mode, this field programs the length of the stop 
bit appended to the transmitted character as 
shown in Table 4. 
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one of sixteen rates from BRG 








Transmitter and Receiver Parameter and Timing Register Bit Format (Continued) 


Bit Rate Select 












BIT 7 BIT 6 BIT 5 BIT 3 BIT 2 BIT O 


Bit Pin 
O—H 
{—L 


Table 4. Stop Bits — 


Transmitted Character 


7:4 5 BITS/ 6,70r8 
[7:4] CHAR | BITS/CHAR 


Stop bit lengths of 9/16 to 1 and 1-9/16 to 2 bits, 
in increments of 1/16-bit, can be programmed 
for character lengths of 6, 7, and 8 bits. Fora 
character length of 5 bits, 1-1/16 to 2 stop bits 
can be programmed in increments of 1/16-bit. 
The receiver only checks for a ‘mark’ condition 
at the center of the first stop bit position (one bit 
time after the last data bit, or after the parity bit 
if parity is enabled) in all cases. 
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If an external 1X clock (or a 2X clock for coun- 
ter/timer) is used for the transmitter, [7] = 0 se- 
lects one stop bit and [7] = 1 selects two stop 
bits to be transmitted. If Manchester, NRZI, or 
FM data encoding is selected, only integral stop 
bit lengths should be used. 


{3] Transmitter Request-to-Send Control — 
This bit controls the deactivation of the RTSN 
output by the transmitter (see Detailed Opera- 
tion). 


0 RTSN is not affected by status of 
transmitter. 
1 RTSN changes state as a function of 


transmitter status. 


[2] Clear-to-Send Enable Transmitter — The 
State of this bit determines if the CTSN input 
controls the operation of the channel's transmit- 
ter (see Detailed Operation). The duration of 
CTS level change is described in the discus- 
sion of ICTSR[4]. 


0 CTSN has no affect on the transmit- 
ter. 

| CTSN affects the state of the trans- 
mitter. 


[1:0] Transmitted Bits per Character — This 
field selects the number of data bits per charac- 
ter to be transmitted. The character length 
does not includes the start, parity, and stop bits 
in ASYNC or the parity bit in COP. In BOP 
modes the character length for the address and 
control field is always 8 bits, and the value of 
this field only applies to the information (I) field, 
except for the last character of the | field, whose 
length is specified by OMR[7:5}. 


Transmitter Timing Register 
(TTRA, TTRB) 


[7] External Source — This bit selects the 
RTxC pin or the TRxC pin of the channel as the 
transmitter clock input when [6:4] specifies ex- 
ternal. When used for input, the selected pin 
must be programmed as an input in the PCR 
[4:3] or [2:0]. 


0 External input form RTxC pin. 


1 External input from TRxC pin. 
[6:4] Transmitter Clock Select — This field 
selects the clock for the transmitter. 


000 External clock from TRxC or RTXC at 
1X the shift (baud) rate. 


001 External clock from TRXC or RTXC at 
16X the shift rate. 
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010 Internal clock from the phase-locked 
loop at 1X the bit rate. It should be 
used only in half-duplex operation 
since the DPLL will periodically re- 
sync itself to the received data if in 


full-duplex operation. 


011 Internal clock from the bit rate genera- 
tor at 32X the shift rate. The clock sig- 
nal is divided by two before use in the 
transmitter which operates at 16X the 
baud rate. Rate selected by [3:0]. 


100 Internal clock from counter/timer of 
other channel. The C/T should be 
programmed to produce a clock at 2X 


the shift rate. 


101 Internal clock from counter/timer of 
other channel. The C/T should be 
programmed to produce a clock at 
32X the shift rate. 


110 Internal clock from the counter/timer 
of own channel. The C/T should be 
programmed to produce a clock at 2X 
the shift rate. 


111 Internal clock from the counter/timer 
of own channel. The C/T should be 
programmed to produce a clock at 
32X the shift rate. 


[3:0] Bit Rate Select — This field selects an 
output from the bit rate generator to be used by 
the transmitter circuits. The actual frequency 
output from the BRG is 32X the bit rate shown 
in Table 5. With a crystal or external clock of 
14.7456MHz the bit rates are as given in Table 
5 (this input is divided by two before being 
applied to the oscillator circuit). 


Table 5. Receiver/Transmitter 


Baud Rates 
[to [arr rare [ (80 [BIT RATE 
50 


75 
110 


134.5 
150 
200 
300 
600 
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Receiver Parameter Resgister 
(RPRA, RPRB) 


[7] SYN Stripping — This bit controls the 
DUSCC processing in COP modes of SYN 
‘character patterns’ that occur after the initial 
character synchronization. Refer to Detailed 
Operation of the receiver for details and defini- 
tion of SYN ‘patterns’, and their accumulation 
of FCS. 


0 Strip only leading SYN ‘patterns’ (i.e. 
before a message). 


1 Strip all SYN ‘patterns’ (including all 
odd DLE’s in BISYNC transparent 
mode). 


[6] Transfer Received FCS to FIFO — In BI- 
SYNC and BOP modes, the assertion of this bit 
causes the received FCS to be loaded into the 
RxFIFO. When this bitis set, BOP mode oper- 
ates correctly only if a minimum of two extra 
FLAGs (without shared zeros) are appended to 
the frame. If the FCS is specified to be trans- 
ferred to the FIFO, the EOM status bit will be 
tagged onto the last byte of the FCS instead of 
to the last character of the message. 


0 Do not transfer FCS to RxFIFO. 
1 Transfer FCS to RxFIFO. 


[5] Auto-Hunt and Pad Check (BISYNC) — In 
BISYNC mode, the assertion of this bit causes 
the receiver to go into hunt for character sync 
mode after detecting certain End-Of-Message 
(EOM) characters. These are defined in the 
Detailed Operations section for COP receiver 
operation. After the EOT and NAK sequences, 
the receiver also does a check for a closing 
PAD of four 1s. 


) Disable auto-hunt and PAD check. 
1 Enable auto-hunt and PAD check. 


[5] Overrun Mode (BOP) — The state of this 
control bit determines the operation of the re- 
ceiver in the event of a data overrun, i.e., when 
a character is received while the RxFIFO and 
the Rx shift register are both full. 
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0 The receiver terminates receiving the 
current frame and goes into hunt 
phase, looking for a FLAG to be re- 
ceived. 

1 The receiver continues receiving the 


current frame. The overrunning char- 
acter is lost. (The five characters al- 
ready assembled in the RxFIFO and 
Rx shift register are protected). 


[4] Receiver Request-to-Send Control 
(ASYNC) — See Detailed Operation. 


0 Receiver does not control RTSN out- 
put. 
1 Receiver can negate RTSN output. 


[4] External Sync (COP) — In COP single 
SYN mode, the assertion of this bit enables ex- 
ternal character synchronization and receipt of 
SYN patterns is not required. In order to use 
this feature, the DUSCC must be programmed 
to COP single SYN mode, CMR 1[2:0] = 110, 
which is used to set up the internal data paths. 
In all other respects, however, the external 
sync mode operation is protocol transparent. 
A negative signal on the DCDN/SYNIN pin will 
cause the receiver to establish synchronization 
on the next rising edge of the receiver clock. 
Character assembly will start at this edge with 
the RxD input pin considered to have the sec- 
ond bit of data. The sync signal can then be ne- 
gated. Receipt of the Active-High external sync 
input causes the SYN detect status bit (RSR[2]) 
to be set and the SYNBOUTN pin to be as- 
serted for one bit time. When this mode is en- 
able, the internal SYN (COP mode) detection 
and special character recognition (e.g., IDLE, 
STX, ETX, etc.) circuits are disabled. Charac- 
ter assembly begins as if in the I-field with char- 
acter length as programmed in RPR[1:)]. 
Incoming COP frames with parity specified op- 
tionally can have it stripped by programming 
RPR(3]. The user must wait at least eight bit 
times after Rx is enabled before applying the 
SYNIN signal. This time is required to flush the 
internal data paths. The receiver remains in 
this mode and further external sync pulses are 
ignored until the receiver is disabled and then 
reenabled to resynchronize or to return to nor- 
mal mode. See Figure 2. 


0 External sync not enabled. 
1 External sync enabled. 


Note that EXT SYNC and DCD ENABLE Rx 
cannot be asserted simultaneously since they 
use the same pin. 
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[3] Strip Parity — In COP and ASYNC modes 
with parity enabled, this bit controls whether the 
received parity bit is stripped from the data 
placed in the receiver FIFO. Itis valid ony for 
programmed character lengths of 5, 6, and 7 
bits. If the bit is stripped, the corresponding bit 
in the received data is set to zero. 


0 Transfer parity bit as received. 


1: Stop parity bit from data. 


[3] All Parties Address — In BOP secondary 
modes, the assertion of this bit causes the re- 
ceiver to ‘wake-up’ upon receipt of the address 
H‘FF’ or H'FF, FF’, for single- and dual-octet ad- 
dress modes, respectively, in addition to its nor- 
mal station address. This feature allows all 
stations to receive a message. 


0 Don't recognize all parties address. 


1 Recognize all parties address. 


[2] DCD Enable Receiver — If this bit is as- 
serted, the DCDN/SYNIN input must be Low in 
order for the receiver to operate. If the input is 
negated (goes High) while a character is being 
received, the receiver terminates receipt of the 
current message (this action in effect disables 
the receiver). If DCD is subsequently asserted, 
the receiver will search for the start bit, SYN 
pattern, or FLAG, depending on the channel 
protocol. (Note that the change of input can be 
programmed to generate an interrupt; the dura- 
tion of the DCD level change is described in the 
discussion of the input and counter/timer status 
register (CTSR{[5)). 


0 DCD not used to enabled receiver. 


1 DCD used to enabled receiver. 


EXT SYNC and DCD ENABLE Rx cannot be 
asserted simultaneously since they use the 
same pin. 


[1:0] Received Bits per Character — This 
field selects the number of data bits per charac- 
ter to be assembled by the receiver. The char- 
acter length does not include the start, parity, 
and stop bits in the ASYNC or the parity bit in 
COP. In BOP modes, the character length for 
the address and control field is always 8 bits, 
and the value of this field only applies to the in- 
formation field. If the number of bits assembled 
for the last character of the I-field is less than 
the value programmed in this field, RCL not 
zero (RSR[O}]) is asserted and the actual num- 
ber of bits received is given in TRSR[2:0]. 
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Receiver Timing Register (RTRA, 
RTRB) 


[7] External Source — This bit selects the 
RTxC pin or the TRxC pin of the channel as the 
receiver or DPLL clock input, when [6:4] speci- 
fies external. When used for input, the selected 
pin must be programmedas aninputin the PCR 
[4:3] or [2:0]. 

0 External input form RTxC pin. 

1 External input form TRxC pin. 


[6:4] Receiver Clock Select — This field se- 
lects the clock for the receiver. 


000 External clock from TRxC or RTxC at 
1X the shift (baud) rate. 

001 External clock fromTRxC or RTXC at 
16X the shift rate. Used for ASYNC 
mode only. 

010 Internalclock from the bitrate genera- 


tor at 32X the shift rate. Clock is di- 
vided by two before used by the 
receiver logic, which operates at 16X 
the baud rate. Rate selected by [3:0]. 
Used for ASYNC mode only. 


011 Internal clock from counter/timer of 
own channel. The C/T should be pro- 
grammed to produce a clock at 32X 
the shift rate. Clock is divided by two 
before use in the receiver logic. Used 
for ASYNC mode only. 


Internal clock from the digital phase- 
locked loop. The clock for the DPLL 
is a 64X clock from the crystal oscilla- 
tor or system clock input. (The input 
to the oscillator is divided by two). 


100 


101 Internal clock from the digital phase- 
locked loop. The clock for the DPLL is 
an external 32X clock from the RTxC 
or TRxC pin, as selected by [7]. 


110 Internal clock from the digital phase- 
locked loop. The clock for the DPLL 
is a32X clock from the BRG. The fre- 


quency is programmed by [3:0]. 


111 Internal clock from the digital phase- 
locked loop. The clock for the DPLL 
is a32X clock from the counter/timer 
of the channel. 


[3:0] Bit Rate Select — This field selects an 
output from the bit rate generator to be used by 
the receiver circuits. The actual frequency out- 
put from the BRG ts 32X the bit rate shown in 
Table 5. 
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Output and Miscellaneous Regis- 
ter (OMRA, OMRB) 


[7:5] Transmitted Residual Character 

Length — In BOP modes, this field determines 

the number of bits transmitted for the last char- 

acter in the information field. This length ap- 

plies to: 

— The character in the transmit FIFO accom- 
panied by the FiFOed TEOM command. 


— The character loaded into the FIFO by the 
DMA controller if DONEN is simultaneously 
asserted and TPR[4} is asserted. 


~ The character loaded into the FIFO which 
causes the counter to reach zero count 
when TPR[4] is asserted. 


The length of all other characters in the frame's 
information field is selected by TPR[1:0]. If this 
fieldis 111, the number of bits in the last charac- 
ter is the same as programmed in TPR[1:0]. 


[4] TxRDY Activate Mode — 


0 FIFO not full. The channel's TxRDY 
Status bit is asserted each time a 
character is transferred from the 
transmit FIFO to the transmit shift reg- 
ister. If not reset by the CPU, TxRDY 
remains asserted until the FIFO is full, 
at which time it is automatically ne- 
gated. 


1 FIFO empty. The channel's TxRDY 
status bit is asserted when a charac- 
ter transfer from the transmit FIFO to 
the transmit shift register causes the 
FIFO to become empty. If not reset 
by the CPU, TxRDY remains as- 
serted until the FIFO is full, at which 
time it is negated. 


If the TxRDY status bit is reset by the 
CPU, it will remain negated regard- 
less of the current state of the transmit 
FIFO, until it is asserted again due to 
the occurrence of one of the above 


conditions. 
[3] RxRDY Activate Mode — 
0 FIFO not empty. The channel's 


RxRDY status bit is asserted each 
time a character is transferred from 
the receive shift register to the receive 
FIFO. If notreset by the CPU, RxRDY 
remains asserted until the receive 
FIFO is empty, at which time itis auto- 
matically negated. 


FIFO full. The channel's RxRDY sta- 
tus bit is asserted when a character 
transfer from the receive shift register 
to the receive FIFO causes the FIFO 
to become full. If not reset by the 
CPU, RxRDY reamins asserted until 
the FIFO is empty, at which time it is 
negated. 


—_— 
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The RxRDY status bit will also be as- 
serted, regardless of the receiver 
FIFO full condition, when = an 
end-of-message character is loaded 
in the RxFIFO (BOP/BISYNC), when 
a BREAK condition (ASYNC mode) is 
detected in RSR[2], or when the coun- 
ter/timer is programmed to count re- 
ceived characters and the character 
which causes it to reach zero is 
loaded in the FIFO (all modes). (Re- 
fer to the Detailed Operation of the re- 
ceiver.) 


lf reset by the CPU, the RxRDY status 
bit will remain negated, regardless of 
the current state of the receiver FIFO, 
until it is asserted again due to one of 
the above conditions. 


[2] General Purpose Output 2 — This general 
purpose bit is used to control the TxDRQN/ 
GPO2/RTSN pin, when it is used as an output. 
The outputis High when the bitis a0 andis Low 
when the bit ts a 1. 


[1] General Purpose Output 1 — This bit is 
used to control the RTxDRQN/GPOIN output, 
which is a general purpose output when the 
channelis notin DMA mode. The outputis High 
when the bitis aQ andis Low when the bitis a 
1. 


[0] Request-to-Send Output — This bit con- 
trols the TxDRQN/GPO2N/RTSN and SYN- 
OUTN/RTSN pin, when eitheris usedas aRTS 
output. The output is High when the bit is a 0 
and is Low when the bit is a 1. 


Counter/Timer Control and Value 


Registers 
There are five registers in this set consisting of 
the following: 


1. Counter/timer control register (CTCRA/B). 


2. Counter/timer preset Highland Low regis- 
ters (CTPRHA/B, CTPRLA/B). 


3. Counter/timer (current value) High and 
Low registers (CTHA/B, CTLA/B) 


The format of each of the registers of this setis 
contained in Table 6. The control register con- 
tains the operational information for the coun- 
ter/timer. The preset registers contain the 
countwhich is loaded into the counter/timer cir- 
cuits. The third group contains the current val- 
ue of the counter/timer as it operates. 


Counter/Timer Control Register 
(CTCRA/CTCRB) 


[7] Zero Detect Interrupt — This bit deter- 
mines whether the assertion of the C/T ZERO 
COUNT status bit (ICTSR[6]) causes an inter- 
rupt to be generated. 
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0 Interrupt disabled. 

1 Interrupt enabled if master interrupt 
enabled (ICR[1] or ICR[O]) is as- 
serted. 


[6] Zero Detect Control — This bit determines 
the action of the counter upon reaching zero 
count. 


0 The counter/timer is preset to the val- 
ue contained in the counter/timer pre- 
set registers (CTPRL, CTPRH) at the 
next clock edge. 


1 The counter/timer continues counting 
without preset. The value at the next 
clock edge will be H'FFFF’. 


[5] Counter/Timer Output Control — This bit 
selects the output waveform when the counter/ 
timeris selected to be output on TRxC or RTXC. 


1 The output is a single clock positive 
width pulse each time the C/T reach- 
es zero count. (The duration of this 
pulse is one clock period.) 

0 The output toggles each time the C/T 
reaches zero count. The output is 
cleared to Low by either of the preset 
counter/timer commands.. 


[4:3] Clock Select — This field selects whether 
the clock selected by [2:0] is prescaled prior to 
being applied to the input of the C/T. 


00 No prescaling. 

01 Divide clock by 16. 
10 Divide clock by 32. 
11 Divide clock by 64. 


[2:0] Clock Source — This field selects the 
clock source for the counter/timer. 


000 RTxC pin. Pin must be programmed 


as input. 


001 TRxC pin. Pin must be programmed 
as input. 


010 Source is the crystal oscillator or sys- 


tem clock input divided by four. 


011 This selects a special mode of opera- 
tion. In this mode the counter, after re- 
ceiving the ‘start C/T’ command, 
delays the start of counting until the 
RxD input goes Low. It continues 
counting until the RxD input goes 
High, then stops and sets the C/T zero 
count status bit. The CPU can use the 
value in the C/T to determine the bit 
rate of the incoming data. The clock 
is the crystal oscillatoror system clock 
input divided by four. 


Source is the 32X BRG output se- 
lected by RTR[3:0] of own channel. 


101 Source is the 32X BRG output se- 
lected by TTR[3:0] of own channel. 
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110 Source is the internal signal which causes the count to go to zero is on zero count or done control bit 
loads received characters from the re- loaded into the receive FIFO. (TPR[4]) is asserted, the FiFOed 

ceive shift register into the receiver 111 Ss seg i eeanalowinen send EOM command will be automat- 

FIFO. When operating in this mode, See ee ets ically asserted when the character 

the FIFOed EOM status bit (RSR[7]) transfers character S from the data which causes the count to go to zero 


bus into the transmit FIFO. When op- 


erating in this mode, and if the TEOM is loaded into the transmit FIFO. 


shall be set when the character which 


Table 6. §Counter/Timer Control and Value Register Bit Formats 
COUNTER/TIMER CONTROL REGISTER 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 








































(CTCRA, Zero Zero Output 
CTCRB) Detect Detect P Prescaler Clock Source 
Control 
Interrupt Control 










0 — disable 
1 — enabled 


O — preset 
1 — continue 


0 — square 
1 — pulse 


000 — RTxC pin 
001 — TRxC pin 
010 — XI/CLK divided by 4 

011 — X1/CLK divided by 4 gated by RxD 
100 — Rx BRG 

101 — Tx BRG 

110 — Rx characters 

111 — Tx characters 


COUNTER/TIMER PRESET REGISTER HIGH 










BIT 7 BIT 6 BIT5 BIT4 =—|_—s«BIT3 BIT 2 BIT 0 


Most significant bits of counter/timer preset value. 


COUNTER/TIMER PRESET REGISTER LOW 


BIT 7 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


Least significant bits of counter/timer preset value. 


COUNTER/TIMER REGISTER HIGH 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT O 


ar Most significant bits of counter/timer. : 


COUNTER/TIMER REGISTER LOW 


(CTLA, Least significant bits of counter/timer. 


Counter/Timer Preset High Regis- Counter/Timer Preset Low Regis- Counter/Timer High Register 
ter (CTPRHA, CTPRHB) ter (CTPRLA, CTPRLB) (CTHA, CTHB) 


[7:0] MSB — This regsiter contains the eight [7:0] LSB — This register contains the eight [7:0] MSB — A read of this ‘register’ provides 
most significant bits of the value loadedintothe leastsignificant bits of the value loadedintothe the eight most significant bits of the current val- 
counter/timer upon receipt of the load C/T from —_ counter/timer upon receipt of the load C/T from ue of the counter/timer. |tis recommended that 
preset regsiter command or when the counter/ — preset register command or when the counter/ the C/T be stopped via a stop counter com- 
timer reaches zero count and the zero detect _ timer reaches zero count and the zero detect mand before itis read in order to prevent errors 
control bit(CTCR[6])isnegated. Theminimum control bit(CTCR[6]) is negated. The minimum — which may occur due to the read being per- 
16-bit counter/timer preset value is H'0002’. 16-bit counter/timer preset value is H‘0002’. formed while the C/T is changing. This count 
may be continued after the register is read. 






(CTPRHA, 
CTPRHB) | 














(CTPRLA, 
CTPRLB) 
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Counter/Timer Low Register 5. Interrupt Vector Register (IVR) and Modi- [5] TRSR 73 — 
(CTLA, CTLB) fied Interrupt Vector Register (IVRM). 0 Interrupt not enabled. 
[7:0] LSB — A read of this ‘register’ provides Se Ane TOPh Con ISOISIe ECE n 1 Interrupt generated if bits 7, 6, 5, 4 or 
the eight least significant bits of the current val- 7. General status register (GSR) 3 of the TRSR are asserted. 
ge cring COUMTEE AINE, is recommenced tal See Table 7 for bit formats and Figure3fortable [4] RxRDY — 
the C/T be stopped via a stop counter com- paiationchibe 
mand before itis read, in order to prevent errors o 0 Interrupt not enabled. 
which may occur due to the read being per- Interrupt Enable Register (IERA, 1 Interrupt generated if RxRDY 


formed while the C/T is changing. This count 
may be continued after the register is read. 


IERB) 


This register controls whether the assertion of 


(GSR[0} or GSR[4] for Channels A 
and B, respectively) is asserted. 


Interrupt Control and Status Reg- bits in the channel's status registers causes an [3] RSR 76 — 
isters interrupt to be generated. An additional condi- 
. tion for an interrupt to be generated is thatthe 2 Interrupt not enabled. 
This group of registers define mechanisms for channel's master interrupt enabled bit, |CRI0] it bi th 
communications between the DUSCC and the lal P : GO UPEG ANIA GAC DIS 7 OF 0) 108 
or ICR[1], be asserted. RSR are asserted. 
processor and contain the device status infor- 
mation. Four registers, available for each chan- [7] DCD/CTS — [2] RSR 54 — 
nel, and four common device registers 
comprise this group which consists of the fol- 0 Interrupt not enabled. 0 Interrupt not enabled. 
lowing: 1 Interrupt generated if ICTSR[4] or 1 Interrupt generated if bits 5 or 4 of the 
1. Interrupt Enable Register (IERA/B). ICTSR[5] are asserted. RSR are asserted. 
2. Receiver Status Register (RSRA/B). [Ss] IxAON = URS 
3. Transmitter and Receiver Status Register 0 Interrupt not enabled. 0 Interrupt not enabled. 
(TRSRA/B). 1 Interrupt. generated if TxRDY 1 Interrupt generated if bits 3 or 2 of the 
#: daeueandicoumenn S Rea} (GSR[1] or GSR[5} for Channels A RSR are asserted. 
ISTSAAE), Ned TIMer Stats egister and B, respectively) is asserted. 
Table 7. ‘Interrupt Control and Status Register Bit Format 


RECEIVER STATUS REGISTER 















BIT6 







COP 













NOTES: 
# Status bit is FiFOed. 
+ COP BISYNC mode only 


* 


All modes indicate character count complete. 


BIT 3 


BIT 5 BIT 4 


(RSRA, RSRB) # Char RTS Overrun not BRK end BRK start # Framing # Parity 
ASYNC compare negated error used detect detect error error 


#EOM PAD Overrun not not Syn # CRC 
detect + error + error used used detect error 


BOP #EOM Abort Overrun Short Idle Flag # CRC #RCL not 
detect detect error frame detect detect detect error zero 

LOOP # EOM Abort/EOP Overrun Short Turn-around Flag # CRC #RCL not 
detect detect error frame detect detect detect error zero 


TRANSMITTER AND RECEIVER STATUS REGISTER 











COP 


(TRSRA, TRSRB) | Transmitter CTS not Send DPLL not not not 
ASYNC empty underrun used break ack error used used used 


BIT 0 


# Parity 
error 






Transmitter CTS Frame Send SOM DPLL not Rx hunt Rx xpnt 
empty underrun complete ack error used mode mode 
CTS Rx Residual Character Length 





underrun 




























Transmitter Loop Frame Send SOM DPLL 000 — 0 bit 100 — 4 bits 
empty sending” complete abort ack error 001 — 1 bits 101 — 5 bits 
010 — 2 bits 110 — 6 bits 

111 — 7 bits 





011 — 3 bits 
NOTE: . 
* Loop mode only. 
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Table 7. 


Interrupt Control and Status Register Bit Format (Continued) 


INPUT AND COUNTER/TIMER STATUS REGISTER 











(ICTSRA, 
ICTSRB) 


C/T 
running 


INTERRUPT ENABLE REGISTER 


C/T zero 
count 


BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 0 


Delta Delta 





BIT 7 


BIT 6 





BIT 5 


INTERRUPT VECTOR REGISTER AND INTERRUPT VECTOR MODIFIED REGISTER 


GENERAL STATUS REGISTER 


INTERRUPT CONTROL REGISTER 







Bae 
or C/T 
Status 


Channel A/B 
Interrupt Priority 


00 — Channel A 
01 — Channel B 

10 — interleaved A 
11 — interleaved B 


[0] RSR 10 — 


0 Interrupt not enabled. 


1 Interrupt generated if bits 1 or O of the 
RSR are asserted. 


Receiver Status Register (RSRA, 
RSRB) 

This register informs the CPU of receiver sta- 
tus. Bits indicated as ‘not used’ in a particular 
mode will read as zero. The logical OR of these 
bits is presented in GSR[2] or GSR[6] (ORed 
with the bits of TRSR) for Channels A and B, re- 
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Ee al eee 
(IVR, IVRM) 











8-bit interrupt vector 


fF Chane B B 


Rx/Tx 


External 
or C/T 
status 









00 — vectored 
01 — vectored 

10 — vectored 

11 — non vectored 


spectively. Unless otherwise indicated, as- 
serted status bits are reset only be performing 
a write operation to the status register with the 
bits to be reset being ones in the accompanying 
data word, or when the RESETN input is as- 
serted, or when a ‘reset receiver’ command is 
issued. 


Certain status bits are specified as being FI- 
FOed. This means that they occupy positions 
in a status FIFO that correspond to the data 
FIFO. As the data is brought to the top of the 
FIFO (the position read when the RxFIFO is 
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(IERA, IERB) DCD/CTS TxRDY TRSR [7:3] RxRDY RSR[7:6] | RSR [5:4] | RSR[3:2] | RSR[1:0] | 


0—no 0—no 0 — no 0—no 0 —no 0 —no 0 —no 0—no 
1 — yes 1—yes 1— yes 1 — yes 1— yes 1 — yes 1— yes 1— yes 


Rx/Tx 
TxRDY RxRDY 


Bits to 
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Channel A 









Channel A 
Master Int 
Enable 


Channel B 
Master Int 
Enable 


Vector 
Includes 
Status 






read), the FiFOed status bits are logically 
ORed with the previous contents of the corre- 
sponding bits in the status register. This per- 
mits the user to obtain status either character 
by character or on a block basis. For character 
by character status, the SR bits should be read 
and then cleared before reading the character 
data from RxFIFO. For block status, the status 
register is initially cleared and then read after 
the message is received. Asserted status bits 
can be programmed to generate an interrupt 
(see Interrupt Enable Register). 
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[7] Character Count Complete (All Modes), 
Character compare (ASYNC), EOM (BI- 
SYNC/BOP/LOOP) — If the counter/timer is 
programmed to count received characters, this 
bit is asserted when the character which 
causes the count to go to zero is loaded into the 
receive FIFO. Itis also asserted to indicate the 
following conditions: 


ASYNC The character currently at the top of 
RxFIFO matched the contents of 
S1R. A character will not compare if 
it is received with parity error even if 
the data portion matches. 


BISYNC The character currently at the top of 
the FIFO was either a text message 
terminator or a control sequence re- 
ceived outside of a text or header 
field. See Detailed Operation of COP 
Receiver. If transfer FCS to FIFO 
(RPR[6]) is set, the EOM will instead 
be tagged onto the last byte of the 
FCS. Note that if an overrun occurs 
during receipt of amessage, the EOM 
character may be lost, but this status 
bit will still be asserted to indicate that 
an EOM was received. For 2 byte 
EOM comparisons, only the second 
byte is tagged (assuming the CRC is 
not transferred to the FIFO). 


BOP, 
LOOP 


The character currently at the top 
of the FIFO was the last character of 
the frame. If trnasfer FCS to FIFO 
(RPRI6]) is asserted, the EOM will be 
tagged instead onto the last byte of 
the FCS. Note that if an overrun oc- 
curs, the EOM character may be lost, 
but this status bit will still be asserted 
to indicate thatan EOM was received. 
This bit will not be set when an abort 
is received. 


[6] RTS Negated (ASYNC), PAD Error (BI- 
SYNC), ABORT (BOP) — 


ASYNC The RTSN output was negated due to 
receiving the start bit of anew charac- 
ter while the RxFIFO was full (see 
RPR{[4)). 


BISYNC PAD error detected (see RPR{[5)). 
LOOP An ABORT sequence consisting of a 
zero followed by seven ones was re- 
ceived after receipt of the firstaddress 
octet but before receipt of the closing 
FLAG. The user should read RxFIFO 
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until it is empty and determine if any 
valid characters from a_ previous 
frame are inthe FIFO. Ifno character 
with a tagged EOM detect ([7]) is 
found, all characters are from the cur- 
rent frame and should be discarded 
along with any previously read by the 
CPU. An ABORT detect causes the 
receiver to automatically go into 
search for FLAG state. An abort dur- 
ing a valid frame does not cause the 
CRC to reset: this will occur when the 
next frame begins. 


Performs the ABORT detect function 
as described for BOP without the re- 
striction that the pattern be detected 
during an active frame. A zero fol- 
lowed by seven ones is_ the 
end-of-poill sequence which allows 
the transmitter to go active if the ‘go 
active on poll’ command has been in- 
voked. 


LOOP 


{5} Overrun Error (All Modes) — A new char- 
acter was received while the receive FIFO was 
full and a character was already waiting in the 
receive shift register to be transferred to the 
FIFO. the DUSCC protects the five characters 
previously assembled (four in RxFIFO, one in 
the Rx shift register) and discards the overrun- 
ning character(s). After the CPU reads the 
FIFO, the character waiting in the RxSR will be 
loadedinto the available FIFO position. This re- 
leases the RxSR and a new character assem- 
bly will start at the next character boundary. In 
this way, only valid characters will be as- 
sembleg, |.e., no partial character assembly will 
occur regardless of when the RxSR became 
available during the incoming data stream. 


[4] Short Frame (BOP/LOOP) — 
ASYNC Not used 


COP Not used 
BOP, A closing flag was received with 
LOOP missing fields in the frame. See de- 


tailed operation for BOP receiver. 


[3] BREAK End Detect (ASYNC), IDLE 
(BOP), Turnaround (LOOP) — 


ASYNC 1Xclock mode: The RxD input has re- 
turned to the marking state for atleast 
one period of the 1X receiver clock af- 
ter detecting a BREAK. 
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16X clock mode: The RxD input has 
returned to the marking (High) state 
for a least one-half bit time after de- 
tectinga BREAK. Ahalf-bit time is de- 
fined as eight clock cycles of the 16X 
receiver clock. 


COP 
BOP 


Not used. 


An IDLE sequence consisting of a 
zero followed by fifteen ones was re- 
ceived. During a valid frame, an abort 
must precede an idle. However, out- 
side of a valid frame, an idle is recog- 
nized and abort is not. 


LOOP A turnaround sequence consisting of 
eight contiguous zeros was detected 
outside of an active frame. This 
should normally be used to terminate 
transmitter operation and return the 


system to the ‘echoing RxD’ mode. 


[2] BREAK Start Detect (ASYNC), SYN De- 
tect (COP), FLAG Detect (BOP/LOOP) — 


ASYNC An all zero character, including parity 
(if specified) and first stop bit, was re- 
ceived. The receiver shall be capable 
of detecting breaks which begin in the 
middle of a previous character. Only 
a single all-zero character shall be put 
into the FIFO when a break is de- 
tected. Additional entries to the FIFO 
are inhibited until the end of break has 
been detected (see above) anda new 
character is received. 


COP A SYN pattern was received. Refer 
to Detailed Operation for definition of 
SYN patterns. Set one bit time after 
detection of SYN pattern in HSRH, 
HSRL. See Figure 1 for receiver data 


path. 

A FLAG frequency (01111110) was 
received. Setone bit time after FLAG 
is detectedin CCSR. See Figure 1 for 
receiver data path. 


BOP, 
LOOP 


{1] Framing Error (ASYNC), CRC Error 
(COP/BOP/LOOP) — 


ASYNC Atthe first stop bit position the RxD in- 
put was in the Low (space) state. The 
receiver only checks for framing error 
at the nominal center of the first stop 
bit regardiess of the number of stop 
bits programmedin TPR[7:4]. This bit 
is not set for BREAKS. 
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BISYNC CHARACTER 
COMPARISON LOGIC 


| 
DECODER | INTERNAL 
RxD AND | RxD(NRZ) 
DEMULTI- 
Seer rer" LAS Tea 


COP 


1x RCVR CLCK 








in BISYNC COP mode, this bit is set 
upon receipt of the BCC byte(s), if 
any, to indicate that the received BCC 
was in error. The bit is normally FI- 
FOed with the last byte of the frame 
(the character preceding the first BCC 
byte). However, if transfer FCS to 
FIFO (RPRI6})) is asserted, this bit is 
FiFOed with the last BCC byte. The 
value of this bit should be ignored for 
non-test messages or if the received 
frame was aborted via an ENQ. In 
non-BISYNC COP modes, the bit is 
set with each received character if the 
current value of the CRC checker is 
not equal to the non-error value (see 
CMR2][2:0)). 
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[Tse] 1) 


| 
LT sre | | | 


Figure 1. Receiver Data Path 


BOP, 
LOOP 


This bit is set upon receipt of the 
FCS byte(s), if any, to indicate that the 
received FCS was in error. The bit is 
normally FlFOed with the last byte of 
the | field (the character preceding the 
first FCS byte). However, if transfer 
FCS to FIFO (RPRI[6]) is asserted, 
this bit is FiFOed with the last FCS 
byte. 


[0] Parity Error (ASYNC/COP), RCL Not Zero 
(BOP/LOOP) — 


ASYNC The parity bit of the received charac- 


terwas notas expected. A parity error 
does not affect the parity bit put into 
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COP 


SCN68562, 


COP-SINGLE SYN, 
DUAL SYN, 
BISYN 


BOP WITHOUT CRC 





the FIFO as part of the character 
when strip parity (RPR[3]) is negated. 


The parity bit of the received charac- 
terwas notas expected. A parity error 
does not affect the parity bit put into 
the FIFO as part of the character 
when strip parity (RPR[3]) is negated. 
A SYN or other character received 
with parity error is treated as a data 
character. Thus, aSYN with parity er- 
ror received while in SYN search state 
will not establish character sync. 
Characters received with parity error 
while in the SYN search state will not 
set the error bit. 
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BOP, 
LOOP 


The last character of the | field did not 
have the character length specified in 
RPR[1:0]. The actual received char- 
acter length of this byte can be read in 
TRSA[2:0]. This bit is FlFOed with 
the EOM character but TRSR([2:0] is 
not. An exception occurs if the com- 
mand to transfer the FCS to the FIFO 
is active. In this case, the bit will be Fl- 
FOed with the last byte of the FCS, 
i.e., with REOM. In the event that re- 
sidual characters from two consecu- 
tive frames are received and are both 
in the FIFO, the length in TRSR[2:0] 
applies to the last received residual 
character. 


Transmitter/Receiver Status 
Register (TRSRA, TRSRB) 


This register informs the CPU of transmitter 
and receiver status. Bits indicated as not used 
ina paritcular mode will read as zero, except for 
bits [2:0], which may not be zero. The log- 
ical-OR of bits [7:3] is presented in GSR[2] or 
GSR[6] (ORed with the bits of RSR) for chan- 
nels A andB, respectively. Unless otherwise in- 
dicated, asserted status bits are reset only: 


1. By performing a write operation to the sta- 
tus register with the bits to be reset being 
ones in the accompanying data word 
[7:3]. 


2. When the RESETN input is asserted. 


3. For [7:4], when a ‘reset transmitter’ com- 
mand is issued. 


4. For [3:0], when a ‘reset receiver’ com- 
mand Is issued. 


5. For [2:0], see description in BOP mode. 


Asserted status bits in [7:3] can be pro- 
grammed to generate an interrupt. See IER. 


[7] Transmitter Empty — Indicates that the 
transmit shift register has completed serializing 
a character and found no other character to se- 
rialize in the TxFIFO. The bit is not set until at 
least one character from the transmit FIFO (not 
including PAD characters in synchronous 
modes) has been serialized. The transmitter 
action after transmitter empty depends on op- 
erating mode: 


ASYNC The TxD output is held in the MARK 
state until another character is loaded 
into the TxFIFO. Normal operation 
then continues. 


COP Action is specified by TPR[7:6}. 
BOP, Action is specified by TPR[7:6]. 
LOOP 
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[6] CTS Underrun (ASYNC/COP/BOP), Loop 
sending (LOOP) — 


ASYNC, This bit is set only if CTS enable Tx 

COP, (TPRI[2]) is asserted. It indicates 

BOP that the transmit shift register was 
ready to begin serializing a character 
and found the CTSN input negated. 
In ASYNC mode, this bit will be reas- 
serted if cleared by the CPU while the 
CTSN input is negated. 


LOOP Asserted when the go active on poll 
command has been invoked and an 
EOP sequence has been invoked and 
an EOP sequence has been de- 
tected, causing the transmitter to go 
active by changing the EOP to a 
FLAG (see Detailed Operation of 
transmitter). 


[5] Frame Complete (COP/BOP) — 
ASYNC Not used. 


COP Assertedat the beginning of transmis- 
sion of the end of message sequence 
invoked by which is either a TEOM 
command, or when TPR[4] = 1, or 
TPR[7:6] = 00. The CPU can invoke 
the TSOM command after this bit is 
set to control the number of SYNs be- 
tween transmitted frames. 


BOP Assertedat the beginning of transmis- 
sion of the end of message sequence 
which is invoked by either a TEOM 
command, or when TPR[4] = 1, or 
TPR[7:6] = 00. The CPU can invoke 
the TSOM command after this bit is 
set to control the number of FLAGs 
between transmitted frames. 

In COP/BOP modes, the frame com- 
plete status bit is set during the 
next-to-last bit (on TxD pin) of the last 
characterin the data/information field. 
In BOP mode, if a 1-bit residual char- 
acter is selected through OMR{[7:5], 
then this bit is set during the 
next-to-last bit (on TxD pin) of the last 
fulllength character of the information 
field. 


[4] Send Break Ack (ASYNC)/Send SOM 
ACK (COP)/Send SOM-Abort Ack (BOP — 


ASYNC Set when the transmitter begins 
transmission of abreak in response to 
the send break command. If the com- 
mand is reinvoked, the bit will be set 
again at the beginning of the next 
character time. The user can control 
the length of the break by counting 
character times through this mecha- 
nism. 


319 


SCN68562 


COP Set when the transmitter begins 
transmission of a SYN pattern in re- 
sponse to the TSOM or TSOMP com- 
mand. If the command is reinvoked, 
the bit will be set again at the begin- 
ning of the next transmitted SYN pat- 
tern. The usercan control the number 
of SYNs which are sent through this 
mechanism. 


BOP Set when the transmitter begins 
transmission of aFLAG/ABORT in re- 
sponse to the TSOM or TSOMP or 
TABRK command. If the command is 
reinvoked, the bit will be set again at 
the beginning of the next transmitted 
FLAG/ABORT. The user can control 
the number of FLAGs/ABORTs which 
are sent through this mechanism. 


[3] DPLL Error — Set while the DPLL is operat- 
ing in FM mode to indicate that a data transition 
was not detected within the detection window 
for two consecutive bits and that the DPLL was 
forced into search mode. This feature is dis- 
abled when the DPLL is specified as the clock 
source for the transmitter via TTR[6:4]. 


[2:0] Received Residual Character Length 
(BOP) — 


BOP This field should be examined to de- 
termine the length of the last charac- 
ter of the | field (character tagged with 
REOM status bit) if RSR[O] is set to in- 
dicate that the length was not equal to 
the character length specified in 
RPR[1:0]. This field is negated when 
a reset receiver or disabled receiver 
command is issued, or when the first 
control character for the next frame of 
data is in HSRL (see Figure 1). Care 
must be taken to read TRSR[2:0] be- 
fore these bits are cleared. 


[1] Receiver in Hunt Mode (COP) — 


COP This bit is asserted after the receiver 
is reset or disabled. It indicates that 
the receiver is in the hunt mode, 
searching the data stream for a SYN 
sequence to establish character syn- 
chronization. The bit is negated auto- 
matically when character sync is 
achieved. 


[0] Receiver in Transparent Mode (BISYNC) 


COP Indicates that a DLE-STX sequence 
was received and the receiver is oper- 
ating in BISYNC transparent mode. 
Set two bit times after detection of 
STX in HSRL. See Figure 1 for re- 


ceiver data path. Transparent mode 
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operation is terminated and the bit is 
negated automatically when one of 
the terminators for transparent text 
mode is received (DLE-ETX/ETB/ 
ITB/ENQ). 


Input.and Counter/Timer Status 
Register (ICTSRA, ICTSRB) 


This register informs the CPU of status of the 

counter/timer and inputs. The logical-OR of 

bits [6:4] is presented in GSR[3] or GSR[7) for 

Channels A and B, respectively. Unless other- 

wise specified, bits of this register are reset 

only: 

1. By performing a write operation to the sta- 
tus register with the bits to be reset (ones 
in the accompanying data word for bits 
[6:4] only). 


. When the RESETN input is asserted (bits 
[7:4]) only. 


nm 


[7] Counter/Timing Running — Set when the 
C/T is started by start C/T command and reset 
when it is stopped by a stop C/T command. 


[6] Counter/Timer Zero Detect — Set when 
the counter/timer reaches zero count, or when 
the bit length measurement is enabled (CTCR 
[2:0] = 011) and the RxD input has returned 
High. The assertion of this bit causes an inter- 
rupt to be generated if |CTCR[7] and the chan- 
nel’s master interrupt enable (ICR[1] or ICR[O}) 
are asserted. 


[5] Delta DCD — The DCD inputis sampled ap- 


proximately every 6.8L1s using the 32X, 4800 
baud output from the BRG. After synchronizing 
with the sampling clock, at least two consecu- 
tive samples at the same level are required to 
establish the level. As a consequence, a 
change of state at the DCD input, lasting at 
least 17[s, will set this bit. The reset circuitry 
initializes the sampling circuits so that achange 
is not falsely indicated at power on time. The 
assertion of this bit causes an interrupt to be 
generatedif|ER[7] and the channel's master in- 
terrupt enable (1CRI[1]} or |CR[O}) are asserted. 


[4] Delta CTS/LC — When not in loop mode, 
the CTS input is sampled approximately every 
6.8LLs using the 32X, 4800 baud output form the 
BRG. After synchronizing with the sampling 
clock, at least two consecutive samples at the 
same level are required to establish the level. 
As a consequence, a change of state at the 


CTS input, lasting atleast 17s, will set this bit. 
The reset circuitry initializes the sampling cir- 
cuits so that a change is not falsely indicated at 
power on time. The assertion of this bit causes 
an interrupt to be generated if IER[7] and the 
channel's master interrupt enable (ICR[1] or 
ICR[0]) are asserted. 
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In SDLC loop mode, this bit is set upon transi- 
tions of the LC output. LC is asserted in re- 
sponse to the ‘go on-loop’ command when the 
receiver detects a zero followed by seven ones, 
and negated in response to the ‘go off-loop’ 
command when the receiver detects a se- 
quence of eight ones. 


[3:2] State of DCD and CTS — ICTSRx{3] re- 
flects the state of the DCDXxN input pin, while 
ICTSRx[2] reflects the state of CTSxN. When 
the bits are 0, the inputs are High, when they 
are 1, the pins are Low. 


[1:0] Current State of GPI2 and GPI1 — 
These fields provide the current state of the 
channels general purpose input pins. The bits 
valve are latched at the beginning of the read 
cycle. 


Interrupt Vector Register (IVR) 
and Modified Vector Register 
(IVRM) 


[7:0] Register Content — If ICR[2] = 0, the 
content of VR register is output on the data bus 
when the DUSCC has issued an interrupt re- 
quest and the responding interrupt acknowl- 
edge (IACKN) is received. The value in the |VR 
is initialized to H'OF’ on master reset. If ‘vector 
includes status’ is specified by ICR[2] = 1, bit 
[2:0) or [4:2] (depending on ICR[3}), of the vec- 
tor are modified as shown in Table 9 to indicate 
the highest priority interrupt currently active. 
The priority is programmable through the ICR. 
This modified vector is stored in the IVRM. 
When ICR{[2] = 1, the content of the |VRMis out- 
put on to the data bus on the interrupt acknowl- 
edge. The vector is not modified, regardless of 
the value of ICR[2], if the CPU has not written 
an initial vector into this register. 


Either the modified or unmodified vector can 
also be read by the CPU viaa normal bus read 
cycle (see Table 1). The vector value is locked 
at the beginning of the [ACK or read cycle until 
the cycle is completed. If no interrupt is pend- 
ing, an H'FF’ is output when reading the |VRM 
or the IVR. 


Interrupt Control Register (ICR) 


[7:6] Channel A/B Interrupt Priority — 
Selects the relative priority between Channels 
AandB. The state of this bit determines the val- 
ue of the interrupt vector (see Interrupt Vector 
Register). The priority within each channel, 
from highest to lowest, is as follows: 


320 





0 Receiver ready. 

1 Transmitter ready 

2 Rx/Tx status. 

3 External or C/T status. 

00 Channel A has the highest priority. 


The DUSCC interrupt priorities from 
highest to lowest are as follows: A(0), 
A(1), A(2), A(3), B(O), B(1), B(2), B(3). 


01 Channel B has the highest priority. 
the DUSCC interrupt priorities from 
highest to lowest are as follows: B(0), 
B(1), B(2), B(3), A(O), A(1), A(2), A(3). 


10 Priorities are interleaved between 
channels, but Channel A has the high- 
est priority between events of equal 
channel priority. The DUSCC inter- 
rupt priorities from highest to lowest 
are as follows: A(0), B(O), A(1), B(1), 
A(2), B(2), A(3), B(3) 


iB Priorities are interleaved between 
channels, but Channel B has the high- 
est priority between events of equal 
channel priority. The DUSCC inter- 
rupt priorities from highest to lowest 
are as follows: B(0), A(0), B(1), A(1), 
B(2), A(2), B(3), A(3). 


Table 8. _ Interrupt Status 


Encoding 


HIGHEST PRIORITY 
INTERRUPT CONDITION 


Channel A receiver ready 
Channel A transmitter ready 


Channel A Rx/Tx status 
Channel A external or C/T status 
Channel B receiver ready 
Channel B transmitter ready 
Channel B Rx/Tx status 
Channel B external or C/T status 


[5:4] Vector Mode — The value of this field de- 
termines the response of the DUSCC when the 
interrupt acknowledge (IACKN) is received 
from the CPU. 


00 Vectored mode. Upon interrupt 

or acknowledge, the DUSCC locks its 
01 current interrupt status until the end 
or of the acknowledge cycle. If it has an 
10 active interrupt pending, it responds 


with the appropriate vector and then 
asserts DTACKN. If it does not have 
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an interrupt, it propagates the ac- 
knowledge through its X2/IDCN out- 
put if this function is programmed in 
PCRA[7]. Otherwise, the [ACKN is ig- 
nored. Locking the interrupt status at 
the leading edge of IACKN prevents 
a device at High position in the inter- 
rupt daisy chain from responding to 
an |ACK issued for a lower priority de- 
vice while the acknowledge is being 
propagated to that device. 


11 Non-vectored mode. The DUSCC ig- 
nores an IACK if one is received; the 
interrupt vector is not placed on the 
databus. The internal interrupt status 
is locked when a read of the IVR or 
IVRM is performed. Except for the ab- 
sence of the vector on the bus, the 
DUSCC performs as it does in vec- 
tored mode — the vector is prioritized 
and modified if programmed. 


[3] Vector Bits to Modify — Selects which bits 
of the vector storedin the |VRare to be modified 
to indicate the highest priority interrupt pending 
in the DUSCC. See Interrupt Vector Register. 


0 Modify bits 2:0 of the vector. 


1 Modify bits 4:2 of the vector. 

[2] Vector Includes Status — Selects wheth- 
er the modified (includes status) (IVRM) or un- 
modified vector (IVR) is output in response to 
an interrupt acknowledge (see Interrupt Vector 
Register). 

0 Unmodified vector. 


1 Modified vector. 
[1] Channel A Master Interrupt Enable — 


0 Channel A interrupts are disabled. 


1 Channel A interrupts are enabled. 
[0] Channel B Master Interrupt Enable — 


0 Channel B interrupts are disabled. 


1 Channel B interrupts are enabled. 


General Status Register (GSR) 
This register provides a ‘quick look’ at the over- 
all status of both channels of the DUSCC. A 
write to this register with 1s at the correspond- 
ing bit positions causes TxRDY (bits 5 and 1) 
and/or RxRDY (bits 4 and 0) to be reset. The 
other status bits can be reset only by resetting 
the individual status bits that they point to. 


{7] Channel B External or Coutner/Timer 
Status — This bit indicates that one of the fol- 
lowing status bits is asserted: ICTSRB[6:4]. 
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[6] Channel B Receiver or Transmitter 
Status — This bit indicates that one of the fol- 
lowing status bits is asserted: RSRB[7:)], 
TRSRB[7:3]. 


[5] Channel B Transmitter Ready — The as- 
sertion of this bit indicates that one or more 
characters may be loaded into the Channel B 
transmitter FIFO to be serialized by the transmit 
shiftregister. See description of OMR[4]. This 
bit can be asserted only when the transmitter is 
enabled. Disabling or resetting the transmitter 
negates TxRDY. 


[4] Channel B Receiver Ready — The asser- 
tion of this bit indicates that one or more charac- 
ters are available in the Channel B receiver 
FIFO to be read by the CPU. See description 
of OMR[3]. RxRDY is initially reset (negated) 
by a chip reset or when a ‘reset Channel B re- 
ceiver’ command is invoked. 


[3] Channel A External or Counter/Timer 
Status — This bit indicates that one of the fol- 
lowing status bits is asserted: ICTSRAJ[6:4]. 


{2] Channel A Receiver or Transmitter Sta- 
tus — This bit indicates that one of the following 
status bits is asserted: RSRA[7:0], 
TRSRA{[7:3]. 


[1] Channel A Transmitter Ready — The as- 
sertion of this bit indicates that one or more 
characters may be loaded into the Channel A 
transmitter FIFO to be serialized by the transmit 
shift register. See description of OMR[4]. This 
bit can be asserted only when the transmitter is 
enabled. Disabling or resetting the transmitter 
negates TxRDY. 


[0] Channel A Receiver Ready — The asser- 
tion of this bitindicates that one or more charac- 
ters are available in the Channel A receiver 
FIFO to be read by the CPU. See description 
of OMR{[3]. RxRDY is initially reset (negated) 
by a chip reset or when a ‘reset Channel A re- 
ceiver’ command is invoked. 


Channel Command Register (CCRA, 
CCRB) — Commands to the DUSCC are en- 
tered through the channel command register. 
The format of that register is shown in Table 9. 
A read of this register returns the last invoked 
command (with bits 4 and 5 set to 1). 


Transmitter Commands 


0000 Reset transmitter. Causes the trans- 
mitter to cease operation immediate- 
ly. The transmit FIFO is cleared and 


the TxD output goes into the marking 
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0001 


0010 


0011 


0100 
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state. Also clears the transmitter sta- 
tus bits (TRSR[7:4]) and resets the 
TxRDY status bit (GSR[1] or GSR[5] 
for Channels A and B, respectively). 
The counter/timer and other registers 
are not affected. 


Resesttransmit CRC. This command 
is appended to and FIFOed along with 
the next character loaded into the 
transmit FIFO. Itcauses the transmit- 
ter CRC generator to be reset to its ini- 
tial state prior to beginning 
transmission of the appended charac- 
ter. 


Enable transmitter. Enables transmit- 
ter operation, conditioned by the state 
of the CTS ENABLE Tx bit, TPR{2]. 
Has no effect if invoked when the 
transmitter has previously been en- 
abled. 


Disable transmitter. Terminates trans- 
mitter operation and places the TxD 
outputin the marking state at the next 
occurrence of a transmit FIFO empty 
condition. All characters currently in 
the FIFO, or any loaded subsequently 
prior to attaining an empty condition, 
will be transmitted. 


Transmit start of message. Used in 
COP and BOP modes to initiate trans- 
mission of a frame after the transmit- 
ter is first enabled, prior to sending the 
contents of the FIFO. Can also be 
used to precisely control the number 
of SYN/FLAGs at the beginning of 
transmission or in between frames. 


When the transmitter is first enabled, 
transmission will not begin untill this 
command (or the transmit SOM with 
PAD command, see below) is issued. 
The command causes the SYN 
(COP) or FLAG (BOP) pattern to be 
transmitted. SEND SOM ACK 
(TRSR[4]) is set when transmission of 
the SYN/FLAG begins. The CPU 
may then reinvoke the command if 
multiple SYN/FLAGs are to be trans- 
mitted. Transmission of the FIFO 
characters begin when the command 
is no longer invoked. If the FIFO is 
empty, SYN/FLAGs continue to be 
transmitted until a character is loaded 
into the FIFO, but the status bit 
(TRSR[4]) is not set. Insertion of 
SYN/FLAGs between frames can be 
accomplished by invoking this com- 
mand after the frame complete status 
bit (TRSR[5]) has been assertedin re- 
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0101 


0110 


0111 


.$ponse to transmission of the end-of 


message sequence. 


Transmit start of message with open- 
ing PAD. Used in COP and BOP 
modes after the transmitter is first en- 
abled to send a bit pattern for DPLL 
synchronization prior to transmitting 
the opening SYN (COP) or FLAG 
(BOP). the SYN/FLAG is sent at the 
next occurrence of a transmit FIFO 
empty condition. All characters cur- 
rently in the FIFO, or any loaded sub- 
sequently prior to attaining an empty 
condition, will be transmitted. While 
the PAD characters are transmitted, 
the character length is set to 8 bits, 
(regardless of the programmed 
length), and parity generation (COP), 
zero insertion (BOP) and LRC/CRC 
accumulation are disabled. SEND 
SOM ACK (TRSR[4]) is set when 
transmission of the SYN/FLAG be- 
gins. The CPU may then invoke the 
transmit SOM command if multiple 
SYN/FLAGs are to be transmitted. 


The TSOM/TSOMP commands, de- 
scribed above, are sampled by the 
controller in alternate bit times of the 
transmitter clock. As a consequence, 
the first bit time of a COP/BOP frame 
will be transmitted on the TxD pin, af- 
ter amaximum of three bit times, after 
the command ts issued. (The addi- 
tional 1-bit delay in the data path is 
due to the data encoding logic.) 


Transmitend-of-message. This com- 
mand is appended to the next charac- 
ter loaded into the transmit FIFO. It 
causes the transmitter to send the 
end-of message sequence (selected 
FCS in COP modes, FCS-FLAG in 
BOP modes) after the appended 
character is transmitted. Frame com- 
plete (TRSR[5]) is set when transmis- 
sion of the FCS begins. This 
command is also asserted automati- 
cally ifthe TEOM on zero count or one 
control bit (TPR[4]) is asserted, and 
the counter/timer is programmed to 
count transmitted characters when 
the character which causes the count 
to go to zero is loadedinto the transmit 
FIFO. TEOM is not recognized if the 
transmitter FIFO is full. 


Transmit Abort BOP/Transmit Break 
ASYNC. In BOP modes, causes an 
abort (eight ones) to be transmitted 
after transmission of the character 
currently in the shift register is com- 
pleted. The transmitter then sends 
MARKs or FLAGs depending on the 
state of underrun control (TPR[7:6}). 
Send SOM/abort ack (TRSR[4]) is set 
when the transmission of the abort 
begins. If the commandis reasserted 
before transmission of the previous 
ABORT is completed, the process will 
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1000 


1001 


1010 


1011 


be repeated. This can be used to 
send the idle sequence. The ‘transmit 
SOM' command must be used to initi- 
ate transmission of a new message. 
In either mode, invoking this com- 
mand causes the transmit FIFO to be 
flushed (characters are not trans- 
mitted). 


In ASYNC mode, causes a break 
(space) to be transmitted after trans- 
mission of the character currently in 
the shift register is completed. Send 
break ack (TRSR[4]) is set when the 
transmission of the break begins. The 
transmitter keeps track of character 
times. If the command is reasserted, 
send break ack will be set again atthe 
beginning of the next character time. 
The user can use this mechanism to 
control the length of the break in char- 
acter time multiples. Transmission of 
the break is terminated by issuing a 
‘reset Tx’ or ‘disableTx' command. 


Transmit DLE. Used in COP modes 
only. This command is appended to 
and FiFOed with the next character 
loaded into the transmitter FIFO. It 
causes the transmitter to senda DLE, 
(EBCDIC H'10’, ASCII H‘10’) prior to 
transmitting the appended character. 
If the transmitter is operating in BI- 
SYNC transparent mode, the trans- 
mitter control logic automatically 
causes a second DLE to be trans- 
mitted whenever a DLE is detected at 
the top of the FIFO. In this case, the 
TDLE command should not be in- 
voked. Anextra (third) DLE, however, 
will not be sent if the transmit DLE 
command is invoked. 


Go active on poll. Used in BOP loop 
mode only. Causes the transmitter, if 
it is enabled, to begin sending when 
an EOP sequence consisting of a 
zero followed by seven ones is de- 
tected. The last one of the EOP is 
changed to zero, making it another 
FLAG, and then the transmitter oper- 
ates as described in the detailed oper- 
ation section. The loop sending 
status bit (TRSR[6]) is asserted con- 
current with the beginning of trans- 
mission. 

Reset go active on poll. Clears the 
stored ‘go active on poll’ command. 


Go on-loop. Used in BOP loop mode 
to control the assertion of the LCN 
output. This output provides the 
means of controlling external loop in- 
terface hardware to go on-loop and 
off-loop. When the command is as- 
serted, the DUSCC will look for the re- 
ceipt of a zero followed by seven 
ones, at which time it will assert the 
LCN output and set the delta DCD/LC 
status bit (ICTSR[4]). This allows the 
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1100 


1101 


DUSCC to break into the loop without 
affecting loop operation. This com- 
mand must be used to initiate loop 
mode operation. 


Go off-loop. Used in BOP loop mode 
to control the negation of the LCN out- 
put. This output provides the means 
of controlling external loop interface 
hardware to go on-loop and off-loop. 
When the command is asserted, the 
DUSCc will look for the receipt of eight 
contiguous ones, at which time it will 
negate the LCN output and set the 
delta DCD/LC status bit (ICTSR[4)). 
This allows the DUSCC to get off the 
loop operation. This commandis nor- 
mally used to terminate loop mode 
operation. 


Exclude from CRC. This command is 
appended to and FlFOed along with 
the next character loaded into the 
transmit FIFO. Itcauses the transmit- 
ter CRC generator to be disabled 
while the appended character is being 
transmitted. Thus, that character is 
not included in the CRC aceumula- 
tion. 


Receiver Commands 


0000 


0001 
0010 


0011 


Reset Receiver. Causes the receiver 
to cease operation, clears the receiv- 
er FIFO, clears the data path, and 
clears the receiver status (RSR[7:0], 
TRSA[3:0], and either GSR[O] or 
GSR[4] for Channels A and B, respec- 
tively). The counter/timer and other 
registers are not affected. 


Reserved. 


Enable receiver. Causes receiver op- 
eration to begin, conditioned by the 
state of the DCD ENABLED Rx bit, 
RPR[2}]. Receiver goes into START, 
SYN, or FLAG search mode depend- 
ing onchannel protocol mode. Has no 
effect if invoked when the receiver 
has previously been enabled. 


Disable receiver. Terminates opera- 
tion of the receiver. Any character 
currently being assembledwill be lost. 
Does not affect FIFO or any status. 
While in COP mode, disabling the re- 
ceiver does not clear the data path; in 
all other cases, it does. 


Counter/Timer Commands 


0000 


0001 


Start. Starts the counter/timer and 
prescaler. 


Stop. Stops the counter/timer and 
prescaler. Since the command may 
be asynchronous with the selected 
clock source, the counter/timer and/ 
or prescaler may count one or more 
additional cycles before stopping. 
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0010 #Presetto FFFF. Presets the counter the value 15 and the clock output will 0001 Disable DPLL. Disables operation of 
timer to H'FFFF' and the prescaler to be forced Low. The counter will be the DPLL. 
its initial. value. This command disabled until a transition on the data 
causes the C/T output to go Low. line is detected, at which point it will p070 = oe es eee er se 
start incrementing. After the counter p , 
0011 Preset from CTPRH/CTPRL. Trans- Fa eheeereoUn erat. aEwilineceite FMO, FM1, or Manchester (NMRZ) is 
beste ee oe a the Fal zero and cause the clock output to go selected by CMR1[7:6]. 
aati ae eS es alt aa from Lowto High. The DPLLwillthen 0011 SetNRZIMode. Sets the DPLL to the 
Ser ental ales This ore Pon taba noma oper don. Vis at NRZI mode of operation, used when 
mand Gsuees the: C/T output’ lows theDPLL to be locked onto the NRZ or NRZI is selected by 
ee Povey ae data without pre-frame transitions. CMRI1[7°6]. 
This command should not be used if ibe  ‘Gacarederiee 
Digital Phase-Locked Loop ee oe ee 
Commands eserved for test. 
0000 Enter Search Mode. This command 


causes the DPLL counter to be set to 


Table 9. Command Register Bit Format 
CHANNEL COMMAND REGISTER 


BIT 3 BIT 2 BIT 0 


0000 —__—ireset Tx 

0001— reset TxCRC* 

0010— enable Tx 

0011 — disable Tx 

0100 — transmit SOM (TSOM) 

0101— transmit SOM with PAD (TSOMP) 
0110 — transmit EOM (TEOM)* 

0111 — transmit ABORT/BREAK (TABRK) 
1000 — __ transmit DLE (TDLE)* 

1001— go active on poll 

1010— __ reset go active on poll 

1011 — goon-loop 

1100 — go off-loop 

1101 — exclude form CRC* 


Receiver Command 


0000 — _—sreset Rx 
0001— reserved 
0010— enable Rx 
0011— disable Rx 


Counter/Timer Command 


0000 — start 

0001 — stop 

0010 — __ preset to FFFF 

0011 — preset from CTPRH/CTPRL 


DPLL Command 


enter search mode 
disable DPLL 

set FM mode 

set NRZI mode 
reserved for test 
reserved for test 


(CCRA, CCRB) 


00 = 
Transmitter CMD 


01 = 
Receiver CMD 
10 = 
C/T CMD 


11 = 
DPLL CMD 
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DETAILED OPERATION 


Interrupt Control 

A single interrupt output (IRQN) is provided 
which is activated upon the occurrence of any 
of the following conditions: 


Channel A external or C/T special condition 
Channel B external or C/T special condition 
Channel A Rx/Tx error or special condition 
Channel B Rx/Tx error or special condition 
Channel A TxRDY 

Channel B TxRDY 

Channel A RxRDY 

Channel B RxRDY 


Each of the above conditions occupies a bit in 
the General Status Register (GSR). If ICR[2] 
is set, the eight conditions are encoded into 
three bits which are inserted into bits [2:0] or 
[4:2] of the interrupt vector register. This forms 
the content of the IVRM during an interrupt ac- 
knowledge cycle. Unmodified and modified 
vectors can read directly through specified reg- 
isters. Two of the conditions are the inclusive 
OR of several other maskable conditions: 

— External or C/T special condition: Delta 
DCD, Delta CTS or C/T zero count 
(ICTSR[6:4)). 

— Rx/Tx error or special condition: any condi- 
tion in the Receiver Status Register 
(RSR[7:0]) or a transmitter or DPLL condi- 
tion in the Transmitter and Receiver Status 
Register (TRSRI[7:3]). 


The TXRDY and RxRDY conditions are defined 
by OMR[4] and OMR{3], respectively. Also as- 
sociated with the interrupt system are the Inter- 
rupt Enable Register (IER), one bit in the 
Counter/Timer Control Register (CTCR), and 
the Interrupt Control Register (ICR). 


The IER is programmed to enable specified 
conditions or groups of conditions to cause an 
interrupt by asserting the corresponding bit. A 
negated bit prevents an interrupt from occur- 
ring when the condition is active and hence 
masks the interrupt. In addition to the IER, 
CTCR[7] could be programmed to enable or 
disable an interrupt upon the C/T zero count 
condition. The interrupt priorities within achan- 
nel are fixed. Priority between channels is con- 
trolled by ICR[7:6]. Refer to Table 8 and 
ICR[7:6]. 


The ICR contains the master interrupt enables 
for each channel (ICR[1] andiCR[O]}) which 
must be set if the corresponding channel is to 
cause an interrupt. The CPU vector mode is 
specified by |CR[5:4] which selects either vec- 
tored or non-vectored operation. If vectored 
mode is selected, the content of the IVR or 
IVRM is placed on the data bus when IACK is 
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activated. If ICR[2] is set, the content of |VRM 
is output which contains the content of IVR and 
the encoded status of the interrupting condi- 
tion. 


Upon receiving an interrupt acknowledge, the 
DUSCC locks its current interrupt status until 
the end of the acknowledge cycle. If it has an 
active interrupt pending, it responds with the 
appropriate vector and then asserts DTACKN. 
Ifitdoes nothave an interrupt, it propagates the 
acknowledge through its X2/IDCN output if this 
functionis programmed in PCRA|7]; otherwise, 
the IACKN Is ignored. Locking the interrupt sta- 
tus at the leading edge of IACKN prevents a de- 
vice at a High position in the interrupt daisy 
chain from responding to an IACK issued for a 
lower priority device while the acknowledge is 
being propagated to that device. 


DMA Control 

The DMA control section provides the interface 

to allow the DUSCC to operate with an external 

DMA controller. One of four modes of DMA can 

be programmed for each channel independent- 

ly via CMR2[5:3]: 

— Haif-duplex single address. In this mode, a 
single pin provides both DMA read and 
write requests. Acknowledgement of the 
requests is via a single DMA acknkowledge 
pin. The data transfer is accomplished in a 
single bus cycle — the DMA controller 
places the memory address of the source 
or destination of the data on the address 
bus and then issues the acknowledge sig- 
nal, which causes the DUSCC to either 
write the data into its transmit FIFO (write 
request) or to output the contents of the top 
of the recieve FIFO (read request). The 
cycle is completed when the DTCN input is 
asserted by the DMA controller. This mode 
can be used when channel operation is 
half-duplex (e.g., BISYNC) and allows a 
single DMA channel to service the receiver 
and transmitter. The receiver and trans- 
mitter should not be enabled at the same 
time when half-duplex mode is pro- 
grammed. 


— Half-duplex dual address. In this mode, a 
single pin provides both DMA read and 
write requests. Acknowledgement of the 
requests is via normal bus read and write 
cycles. The data transfer requires two bus 
cycles — the DMA controller acquires the 
data from the source (memory for a Tx 
DMA or DUSCC for a Rx DMA) on the first 
cycle and deposits it at the destination 
(DUSCC for a Tx DMA or memory for a Rx 
DMA) on the second bus cycle. This mode 
is used when channel operation is half-du- 
plex (e.g., BISYNC) and allows a single 
DMA channel to service the receiver and 
transmitter. 
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— Full-duplex single address. This mode is 
similar to half-duplex single address mode 
but provides separate request and ac- 
knowledge pins for the receiver and trans- 
mitter. 

— Full-duplex dual address. This mode is 
similar to half-duplex dual address mode 
but provides duplex dual address mode 
and provides separate request pins for the 
receiver and transmitter 


Figures 4 through 7 describe operation of the 
DUSCC in the various DMA environments. 
Table 10 summarizes pins used for the DMA re- 
quest and acknowledge function for the trans- 
mitter and receiver for the different DMA 
modes. 


The DMA request signals are functionally iden- 
tical to the TxRDY and RxRDY status signals 
for each serial channel except that the DMA re- 
quest signals are negated on the leading edge 
of the acknowledge signal when the subse- 
quent transfer causes the FIFO to become full 
(transmitter request) or empty (receiver re- 
quest). 


Innon-DMA operation TxRDY and RxRDY sig- 
nals are automatically negated only after the 
transfer is completed. The DMA read request 
can be programmed through OMR{3] be as- 
serted either when any character is in the re- 
ceive FIFO or only when the receive FIFO is 
full. Likewise, the DMA write request can be 
programmed through OMR{4] to be asserted 
either when the transmit FIFO is not full or only 
when the transmit FIFO is empty (The transmit- 
ter must be enabled for a DMA request to be as- 
serted). The request signals are automatically 
negated when the respective data transfer 
cycle is completed and the FIFO becomes full 
(transmitter request) or empty (receiver re- 
quest). Ifa transfer is completed and the FIFO 
is not left full (transmitter) or empty (receiver), 
the request stays Low. The request may be ne- 
gated by the CPU with a status reset write 
cycle. (Although DONEN terminates all DMA 
transfers, ithas no effect on the requests. The 
requests are a function of the FIFO status, but 
they can be negated by writing into the GSR.) 
When the serial channel is not operating in 
DMA mode, the request and acknowledge pins 
for the channel can be programmed for other 
functions (see Pin Descriptions). 


DMA DONEN Operation 

As an input, DONEN is asserted by the DMA 
controller concurrent with the corresponding 
DMA acknowledge to indicate to the DUSCC 
that the character being transferred into the 
TxFIFO is the last character of the transmission 
frame. In synchronous modes, the DUSCC can 
be programmed through TPR[4] to automati- 
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cally transmit the frame termination sequence 
(e.g., FCS-FLAG in BOP mode) upon receipt of 
this signal. 


As an output, DONEN is asserted by the 

DUSCC under the following conditions: 

a. Inresponse to the DMA acknowledge for 
a receiver DMA request if the FiFOed RE- 
CEIVED EOM status bit (RSA[7]) is set 
for the character being transferred. 


So 


In response to the DMA acknowledge for 
a receiver DMA request if the counter/tim- 
er has been programmed to count trans- 


Table 10. 


FUNCTION 


DMA 


RCVR REQ RTxDRQN 
TRAN REQ 
RCVR ACK 


TRAN ACK 


RTxDAKN 


Timing Circuits 

The timing block for each channel consists of a 
crystal oscillator, a Bit Rate Generator (BRG), 
a Digital Phase-Locked Loop (DPLL) and a 
16-bit Counter/Timer (C/T) (see Figure 8). 


Crystal Oscillator 

The crystal oscillator operates directly from a 
crystal (normally 14.7456MHz if the internal 
BRG is to be used) connected across the 
X1/CLK and X2/IDCN pins with a minimum of 
external components. If an external clock of the 
appropriate frequency is available, it may be 
connected to the X1/CLK pin. This signal is di- 
vided by two to provide the internal system 
clock. 


Bit Rate Generator 

The BRG operates from the oscillator or exter- 
nal clock and is capable of generating 16-bit 
rates. These are available to the receiver, 
transmitter, DPLL, and C/T. The BRG output is 
at 32X the base bit rate. Since all sixteen rates 
are generated simultaneously, each receiver 
and transmitter may select its bit rate indepen- 
dently. The transmitter and receiver timing reg- 
isters include a 4-bit field for this purpose 
(TTR[3:0], RTR[3:0)). 


Digital Phase-Locked Loop 

Each channel of the DUSCC includes a DPLL 
used in synchronous modes to recover clock in- 
formation from a received data stream. The 
DPLLis driven by aclock at nominally 32 times 
the data rate. This clock can be programmed, 
via RTR[7:4], to be supplied from an external in- 
put, from the receiver BRG, from the C/T, or di- 
rectly from the crystal oscillator. 


The DPLL uses this clock, along with the data 
stream to construct a data clock which may 


October 30, 1990 


Same as RCVR REQ 


Same as RCVR ACK 


mitted characters and the terminal count 
has occurred. 


Block Transfers Using DTACK 

The DTACKN line may be used to synchronize 
data transfers to and from the DUSCC utilizing 
a ‘wait’ state. Either the receive or the transmit- 
ter or both may be programmed for this mode 
of operation, independently for each channel, 
via CMR2[5:3]. 


In this mode, if the CPU attempts a write to the 
transmit FIFO and an empty FIFO position is 


DMA REQ and ACK Pins for Operational Modes 


HALF DUPLEX 
SINGLE ADDR 


HALF DUPLEX 
DUAL ADDR 
DMA 


RTxDRQN 

Same as RCVR REQ 
Normal read RCVR FIFO 
Normal write TRAN FIFO 





then be used as the DUSCC receive clock, 
transmit clock, or both. The output of the DPLL 
is a square wave at 1X the data rate. The 
derived clock can also be programmed to be 
outputon aDUSCC pin; only the DPLL receiver 
output clock is available at the TRxC pin. Four 
commands are associated with DPLL opera- 
tion: Enter search mode, set FM mode, set 
NRZI mode, and disable DPLL. The com- 
mands are described in the Command Register 
Description. Waveforms associated with the 
DPLL are illustrated in Figure 9. 


DPLL NRZI Mode Operation — This mode is 
used with NRZ and NRZI data encoding. With 
this type of encoding, the transitions of the data 
stream occur at the beginning of the bit cell. 
The DPLL has a six-bit counter which is increm- 
ented by a 32X clock. The first edge detected 
during search mode sets the counter to 16 and 
begins operation. The DPLL output clock then 
rises at a count of 0 and falls at 16. Data is 
sampled on the rising edge of the clock. When 
a transition in the data stream is detected, the 
count length is adjusted by one or two counts, 
depending on the counter value when the tran- 
sition occurs (see Table 11). A transition detec- 
tion at the roll-over point (third column in Figure 
11) is treated as a transition occurring at zero 
count. 


The count length adjustments cause the rising 
edge of the DPLL output block to converge to 
the nominal center of the bit cell. In the worst 
case, which occurs when a DPLL pulse is coin- 
cident with the data edge, the DPLL converges 
after 12 data transitions. 


For NRZ encoded data, a stream of alternating 
ones and zeros should be used as a synchro- 
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FULL DUPLEX 
SINGLE ADDR 


RTxDRQN 
TxDRQN 
RTxDAKN 
TxDAKN 


not available, the DTACKN line will remain ne- 
gated until a position empties. The data will 
then be written into the FIFO and DTACKN will 
be asserted to signify that the transfer is com- 
plete. 


Similarly, a read of an empty receive FIFO will 
be held off until data is available to be trans- 
ferred. Potentially, this mode can cause the mi- 
crocomputer system to hang up if, for example, 
a read request was made and no further data 
was available. 


FULL DUPLEX 
DUAL ADDR 
DMA 


RTxDRQN 

TxDRQN 

Normal read RCVR FIFO 
Normal write TRAN FIFO 


DMA 


nizing pattern. For NRZI encoded data, a 
stream of zeros should be used. 


Table 11. NRZI Mode Count 


Length 


COUNT 
LENGTH 
ADJUST- 

MENT 


COUNTER 
RESET 
AFTER 
COUNT 

REACHES 


COUNT WHEN 
TRANSITION 
DETECTED 


0—7 

8— 15 

16 — 23 

24 — 30 

None detected 





DPLL FM Mode Operation — FM operation is 
used with FMO, FM1, and Manchester data en- 
coding. With this type of encoding, transitions 
in the data stream always occur at the begin- 
ning of the bit cell for FMO and FM1, or at the 
center of the bit cell for Manchester. The DPLL 
6-bit counter is incremented by a 32X clock. 
The first edge detected during search mode 
sets the counter to 16 and begins operation. 
The DPLL receiver clock then rises on a count 
of 8 and falls on 24. (The DPLL transmitter 
clock output falls on a count of 16. it rises on 
acountof0 ifa transition has been detected be- 
tween count of 16 and 23. For other cases, it 
rises 1/2 count of the 32X input clock sooner.) 
This provides a 1X clock with edges positioned 
at the nominal centers of the two halves of the 
bit cell. The transition detection circuit is en- 
abled between counts of 8 and 23, inclusive. 
When a transition is detected, the count length 
is adjusted by one, depending on when the 
transition occurs (see Table 12). 
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! | | 
(STATUS BIT 
RSR2S STATUS BIT RSR2 SET) RESET BY CPU | | | 


| 
| 


PINSYNOUTN 


| (SYNOUT) 


| 
| 
| | 
| | 


| | 
| 


(SYNC INPUT COINCIDENT (SUBSEQUENT 
PINCDCD/SYNIN WITH SECOND BIT OF SYNC INPUTS 
FIRST CHARACTER) IGNORED) 


| 
| 
| 
| 


| | 
| | 


| | 
| | 
| | 
| | 
| 
| 


PINRxD LL | | | | df] Hi || 


(1x Rx CLOCK) 


If a transition is not detected for two consecu- 
tive data bits, the DPLL is forced into search 
mode and the DPLL error status bit (TRSR[3]) 
is asserted. This feature is disabled when the 
DPLL output is used only as the transmitter 
clock. 


To prevent the DPLL from locking on the wrong 
edges of the data stream, an opening PAD se- 
quence should be transmitted. For FMO, a 
stream ofatleast 16 ones should be sent initial- 
ly. For FM1, a minimum stream of 16 zeros 
should be sent and for Manchester encoding 
the initial data stream should consist of alter- 
nating ones and zeros. 


Table 12. FM Mode Count 


Length 


COUNTER 
RESET 
AFTER 
COUNT 

REACHES 


COUNT 
LENGTH 
ADJUST- 


COUNT WHEN 
TRANSITION 
DETECTED 


8— 15 
16 — 23 
24—7 


Disabled 
None detected 0 





Counter/Timer 

Each channel of the DUSCC contains a Coun- 
ter/Timer (C/T) consisting of a 16-bit down 
counter, a 16-bit preset register, and asso- 
ciated control circuits. Operation of the coun- 
ter/timer is programmed via the Counter/Timer 
Control Register (CTCR). There are also four 
commands associated with C/T operation, as 
described in the Command Description sec- 
tion. 
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| 
| | 


Figure 2. External Sync Mode 





The C/T clock source, clock prescaling, and op- 
erating mode are programmed via CTCR[2:0], 
CTCR[4:3], and CTCR{6], respectively. The 
preset register is loaded with minimum of 2 by 
the CPU and its contents can be transferred 
into the down counter by a command, or auto- 
matically upon reaching terminal count if 
CTCR[6] is negated. Commands are also 
available to stop and start the C/T and to preset 
it to an initial value of FFFF. Counting is trig- 
gered by the falling edge of the clocking input. 
The C/T zero count status bit, |CTSR[6], is set 
when the C/T reaches the terminal count of 
zero and ICTSR{[7] indicates whether the 
counter is currently enabled or not. 

An interrupt is generated upon reaching zero 
count if CTCR[7] and the channel's master in- 
terrupt enable are asserted. The output of the 
C/T can be programmed to be output on the 
channel's RTxC or TRxC pin (via PCR[4:0]) as 
either a single pulse or a square wave, as pro- 
grammed in CTCR[5]}. The contents of the C/T 
canbe read at any time by the CPU, but the C/T 
should normally be stopped before this is done. 
Several C/T operating modes can be selected 
by programming of the counter/timer control 
register. Typical applications include: 


1. Programmable divider. The selected 
clock source, optionally prescaled, is di- 
vided by the contents of the preset regis- 
ter. The counter automatically reloads 
itself each time the terminal count is 
reached. In this mode, the C/T may be 
programmed to be used as the Rx or Tx 
bit rate generator, as the input to the 
DPLL, or it may be output on a pin as ei- 
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| | 
| | 


ther a pulse or a square wave. The C/T 
interrupt should be disabled in this mode. 


. Periodic interrupt generator. This mode is 


similar to the programmable divider mode, 
except that the C/T interrupt is enabled, 
resulting in a periodic interrupt to the 
CPU. 


. Delay timer. The counter is preset from 


the preset register and a clock source, 
optionally prescaled, is selected. An in- 
terrupt is generated upon reaching termi- 
nal count. The C/T continues counting 
without reloading itself and its contents 
may be read by the CPU to allow addi- 
tional delay past the zero count to be de- 
termined. 


. Character counter. The counter is preset 


to FFFF by command and the clock 
source becomes the internal signal used 
to control loading of the Rx or Tx charac- 
ters. This operation is selected by 
CTCR{[2:0]. The C/T counts characters 
loaded into the RxFIFO by the receiver or 
loaded into the transmit FIFO by the CPU, 
respectively. The current character count 
can be determined by the CPU by reading 
the contents of the C/T and taking its 
ones complement. Optionally, a preset 
number may be loaded into the counter 
and an interrupt generated when the 
count is exhausted. When counting Tx 
characters, the terminal count condition 
can be programmed through TPR[4] to 
cause an end of message sequence to be 
transmitted. When counting received 
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characters, the FiFOed EOM status bit is 
asserted when the character which 
causes the count to go to zero is loaded 
into the receive FIFO. The channel's ‘re- 
set Tx’ or ‘reset Rx’ commands have no 
effect on the operation of the C/T. 


5. External event counter. The counter is 
preset to FFFFF by command and an ex- 
ternal clock source is selected. The cur- 
rent count can be determined by the CPU 
by reading the contents of the C/T and 
taking its ones complement. Optionally, a 
preset number may be loaded into the 


the input data. Normally this function is 
used for asynchronous operation. 


counter and an interrupt generated when 
the count is exhausted. 


6. Bit length measurement. The counter is 
preset to FFFF by command and the 
X1/CLK/4 clock input gated by RxD mode 
(optionally prescaled) is programmed. 
The C/T starts counting when RxD goes 
Low and stops counting when RxD goes 
High. At this time, ICTSR[6] is set and an 
interrupt (if enabled) is generated. The 
resulting count in the counter can be read 
by the CPU to determine the bit rate of 


Communication Channels A 
and B 


Each communication channel of the DUSCC is 
a full-duplex receiver and transmitter that sup- 
ports ASYNC, COP, and BOP transmission for- 
mats. The bit rate clock for each receiver and 
transmitter can be selected independently to 
come from the bit rate generator, C/T, DPLL, or 
an external input (such as a modem generated 
clock). 


TRANSMITTER AND RECEIVER STATUS REGISTER A (TSRSRA) 


INPUT AND C/T STATUS REGISTER A (ICTSRA 


ICTSRB ICTSRB 
(6) (6) 


TRSRB 


TROYB] (7-3) 


RRDYN 


CTCRB (7) 
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CTS 
UNDER FRAME 
AUN TYNDERT comp DPLL X X X 
RUN 
) 


-RSRB | RSRB 
(7:6) 


B CHANNEL INTERRUPT ENABLE REGISTER (IERB) 


INTERRUPT CONTROL REGISTER (ICR) 





RECEIVER STATUS REGISTER A (RSRA) 


(5:4) 


RSRB | RSRB ICTSRA] JICTSRA TRSRA RSRA | RSRA | RSRA | RSRA 


CTCRA (7) ACHANNEL INTERRUPT ENABLE (IERA) 


IRQN TO CPU 


er panne 
MASTER CHANNEL INTERRUPT 


7 6 5 4 3 2 1 0 


IACKN FROM CPU 


INTERRUPT VECTOR REGISTER (IVR) 


ENCODED INTERRUPT PRIORITY (2:0) OR (4:2) 


Figure 3. Interrupt Control and Status Register 
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DMAC MEMORY DUSCC 


Initiate Request 
1. Assert TxDRON 


Acquire Bus 


Address Memory 
. Set RWN to read 
. Place address on bus 
. Assert ASN 
. Assen UDSN or LDSN 
. Assert TxDAKN 


Present Data 
1. Decode address 
2. Place data on DO-D7 
3. Assert DTACKN 


Device Response 

1. Assert DUSCC 
DTACKN 

2. Negate TxDROQN if 
FIFO is full after this 
transfer** 


Terminate Transfer 
1. Assert DTCN 
2. Negate ASN and UDSN or LDSN 


ee 


Terminate Cycle 
1. Negate DTACKN 


Terminate Cycle 


1. Load Data 
2. Negate DUSCC DTACKN* 


——— 


Relinquish Bus 
1. Negate TxDAKN and DTCN 


or 


Y 


Start Next Cycle 


* On falling edge of DTCN 
** On falling edge of TxDAKN 


Figure 4. TransmitterDMA Request Operation — 
Single Address Mode 
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DMAC MEMORY DUSCC 


Initiate Request 
1. Assert RxDRON 


Acquire Bus 


Address Memory 
1. Set RWN to write 
2. Place address on bus 
3. Assert ASN 
4. Assert RTXDAKN 


Present Data 

1. Place data on DO-D7 

2. Assert DUSCC 
DTACKN 

3. Negate RTxDRON if FIFO 
is empty after this 
transfer** 


Enable Data 
1. Assert UDSN or LDSN 


Acquire Data 
1. Decode address 
2. Assert DTACKN 


Terminate Transfer 


1. Assert DTCN 
2. Negate ASN and UDSN or LDSN 


Terminate Cycie 


1. Load data 
2. Negate DTACKN 


Terminate Cycte 
Negate DUSCC DTACKN* 


Relinquish Bus 
1. Negate RTXxDAKN and DTCN 


or 


Y 


Start Next Cycle 
* On falling edge of DTCN 
** On falling edge of RTXDAKN 


Figure 5. Receiver DMA Request Operation — 
Single Address Mode 
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DUSCC 


Initiate Request 
1. Assert TxDROQN 


Acquire Bus 


Acquire Data From Memory 


Address DUSCC 


. Set RWN to write 

. Place address on bus 
. Assert ASN 

. Place data on DO-D7 
. Assert LDSN or UDSN 


Acquire Data 
. Decode register address 
. Load data from DO-D7 
. Negate TxDRON if FIFO is 
full after this transfer* 
. Assert DTACKN 


Terminate Transfer 
1. Negate ASN and LDSN or UDSN 
2. Remove data from DO~-D7 


Terminate Cycle 
1. Negate DTACKN 


Refinquish Bus 


Start Next Cycle 


* On falling edge of CSN 


Figure 6. Transmitter DMA Request Operation — 
Dual Address Mode 
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DUSCC 


initiate Request 
1. Assert RTxDROQN 


Acquire Bus 


Address DUSCC 


. Set RWN to read 

. Place address on bus 
. Assert ASN 

. Assert LDSN or UDSN 


Present Data 
. Decode register address 
. Place data on DO—-D7 
. Negate RTxDROQN if FIFO is 
empty after this transfer’ 
. Assert DTIACKN 


Acquire Data 
1. Load data into holding register 
2. Negate ASN and LDSN or UDSN 


Terminate Cycle 


1. Remove data from DO-D7 
2. Negate DTACKN 


Transfer Data to Memory 


Relinquish Bus 
or 


Start Next Cycle 


* On falling edge of CSN 


Figure 7. Receiver DMA Request Operation — 
Dual Address Mode 
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COUNTER/TIMER 
CLOCK SOURCE 


PCR [4:3] = 00 


PIN RTxC 
PCR [2:0] = 000 


a 


PIN TRxC 





FROM CRYSTAL 
OSCILLATOR 






010 


C/T CLOCK 
MUX 







C/T 
CLOCK 


RECEIVER RxBRG 
32 x (BAUD RATE) 





100 


TRANSMITTER TxBRG 
32 x (BAUD RATE) 


Rx CHARACTER COUNT 


i CTCR [4:3] 





Tx CHARACTER COUNT 
CLOCK 





CTCR [2:0] 


Receiver Clock 
Sources 


PCR [2:0] = 000 RTR [7] 


Sv, Vv 


PIN TRxC 










000 (1x) 
001 (16x)* 















PIN RTxC 
PCR [4:3]=00 Bag 010* 
RECEIVER 
CLOCK MUX RECEIVER 
Be aaah CLOCK 
64x 
(OSCI) 
PIN 32x (OSCI 
X1/CLK ax 







*ASYNC MODE ONLY 


RTR [6:4) 
NOTE: 
OSC} = crystal or EXT generator input. 


Figure 8. Timing Block 
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TRxC AND RTxC 
FUNCTION SELECT 


PCR [4:3] 


C/T CLOCK MUX 
OUTPUT FROM C/T MUX 


RECEIVER CLK MUX 
TO § TRANSMITTER CLK MUX 


EXTERNAL PIN RTxC 
(FROM TRANSMITTER CLOCK MUX) TxCLK 
{1x BAUD RATE) 


(FROM RECEIVER CLOCK MUX) RxCLK 
(1x BAUD RATE) 





PCR [2:0] 


RECEIVER CLK MUX 

TO § TRANSMITTER CLK MUX 
C/T CLOCK MUX 

FROM CRYSTAL OSC (OSC INPUT FREQ/2) 


FROM DPLL OUTPUT 1x (BAUD RATE) 


OUTPUT FROM C/T EXTERNAL PIN TRxC 


FROM TRANSMITTER BRG 
(16x BAUD RATE) 


FROM RECEIVER BRG 
(16x BAUD RATE) 


(FROM TRANSMITTER CLOCK MUX) TxCLK 
(1x BAUD RATE) 


(FROM RECEIVER CLOCK MUX) RxCLK 
(1x BAUD RATE) 





NOTE: 
OSCI = crystal or EXT generator input. 


TRANSMITTER CLOCK 
SOURCES 


PCR [2:0] = 000 TIR [7] 


Vv Vv 


PIN TRxC 

















16x OR 1x 000 


PIN RTxC = 


TRANSMITTER 
4 CLOCK 
MUX 
PCR [4:3] = 00 saa ee 
TRANSMITTER 
CLOCK 


DPLL 





110 (1x) 


Git 111 (16x) 


(SAME CHANNEL) 


101 (16x) 
100 (1x) 





Cit 
(OTHER CHANNEL) 


TTR [6:4] 


Figure 8. Timing Block (Continued) 
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TRANSMITTER 


Transmitter TxFIFO and TxRDY 

The transmitter accepts parallel data from the 
_ data bus and loads it into the TxFIFO, which 
consists of four 8-bit holding registers. This 
datais then moved to the Transmitter Shift Reg- 
ister (TxSR) which serializes the data accord- 
ing to the transmission format programmed. 
The TxSR is loaded from the TxFIFO, from spe- 
cial character logic, or from the CRC/LRC gen- 
erator. The LSB is transmitted first, which 
requires right justification of characters by the 
CPU. TxRDY (GSRI[5] or GSR[1]) and under- 
run (TRSRI[7]) indicate the state of the TxFIFO. 
The TxFIFO may be addressed at any of four 
consecutive locations (see Table 1) to allow use 
of multiple byte workinstructions. A write to any 
valid address always writes data to the next 
empty FIFO location. 


TxRDY is set when the transmitter is enabled 
and there is an empty position in the TxFIFO 
(OMR[4] = 0) or when the TxFIFO becomes 
empty (OMR[4] = 1). The CPU may reset 
TxRDY through a status reset write cycle. If this 
is done, it willnot be reasserted until a character 
is transferred to the TxST (OMR[4] = 0) or when 
the TxFIFO becomes empty again (OMR[4] = 
1). The assertion of TxRDY, enabling of the IER 
[6] and the enabling of the channel master inter- 
rupt ICR([O] or [1] allow an interrupt to be gener- 
ated. . 


lf DMA operation is programmed, either 
RTxDRN (half-duplex) or TxDRQN (full-du- 
plex) follows the state of TxRDY if the transmit- 
ter is enabled. These operations differ from 
normal ready in that the request signal is ne- 
gated on the leading edge of the DMA acknowl- 
edge signal when the subsequent transfer 
causes the transmit FIFO to become full, while 
the TxRDY signal is negated only after the 
transfer is completed. Underrun status TRS[7] 
set indicates that one or more data character 
(not PAD characters) have been transmitted 
and the TxFIFO and TxSR are both empty. 


In ‘wait on Tx’, awrite to a full FIFO causes the 
write cycle to be extended until a FIFO position 
is available. DTACKN is asserted to acknow!- 
edge acceptance of the data. In non-wait 
modes, if an attempt is made to load data into 
a full TxFIFO, the TxFIFO data is preserved 
and the overrun data character(s) is lost. Anor- 
mal DTACKN will be issued, and no indication 
of this occurrence is provided. The transmitter 
is enabled by the enable transmitter command. 
When the disable transmitter command is is- 
sued, the transmitter continues to operate until 
the TxFIFO becomes empty. The TxRDY does 
not become valid until the transmitter is en- 
abled. Characters can be loaded into the FIFO 
while disabled. However, if the FIFO is full 
when the transmitter is enabled, TxRDY is not 
asserted. 
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TxRTS Control — 

If TXRTS CONTROL, TPR[3], is programmed, 
the channel's RTS output is negated 5-bit times 
after the last bit (stop bitin ASYNC mode) of the 
last character is transmitted. RTS is normally 
asserted and negated by writing to OMR[O}. 
Setting of TPR[3] causes RTS to be reset auto- 
matically (if the transmitter is not enabled) after 
all characters in the transmitter FIFO (if any) 
are transmitted and five bit times after the ‘last 


‘character’ is shifted out. This feature can be 


used to automatically terminate the transmis- 
sion of a message as follows: 
— Program auto-reset mode: TPR[3] = 1. 


— Enable transmitter. 
~ Assert RTSN: OMR{(0] = 1. 
~ Send message. 


~ Disable transmitter after the last character 
is loaded into the TxFIFO. 


— The last character will be transmitted and 
OMR{(O] will be reset five bit times after the 
last bit, causing RTSN to be negated. The 
TxD output will remain in the marking state 
until the transmitter is enabled again. 


The ‘last bitin ASYNC is simply the last stop bit 
of the character. In BOP and COP, the last 
character is defined either explicitly by either 
appending it with TEOM or implicitly through 
the selection of the frame underrun control se- 
quence, TPR[7:6] (Transmitter Parameter 
Register). Table 13 summarizes the relation- 
ship of the selected underrun sequence and the 
protocol mode. 


Tx CTS Operation 

If CTS enable Tx, TPR[2], is set, the CTSN in- 
put must be asserted for the transmitter to oper- 
ate. Changes in CTSN while a character is 
being transmitted do not affect transmission of 
that character. However, if the CTS input be- 
comes negated when TPR[2] is set and the 
transmitter is enabled and ready to start send- 
ing anew character, CTS underrun, TRSR[6], 
is asserted and the TxD output is placed in the 
marking (High) state. In ASYNC mode, opera- 
tion resumes when CTSN is asserted again. In 
COP and BOP modes, the transmission of the 
message is terminated and operation of the 
transmitter will not resume until CTS is as- 
serted anda TSOM or TSOMP commandis in- 
voked. Prior to issuing the command and 
retransmitting the message, the transmitter 
must be reset. After a change-of-state STS is 
established by the input sampling circuits (refer 
to the description of ICTSR[4], itis sampled by 
the Tx controller 1-1/2 bit times before each 
new character is serialized out of the Tx shift 
register. (Thisis 2-1/2 bits before the LSB of the 


new character appears on the TxD pin; there is - 


an additional 1-bit delay in the transmitter data 
path due to the data encoding logic.) 
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Tx Special Bit Pattern Transmission 
The DUSCC provides features transmit special 
bit patterns (see Table 14). 


The TxD pin is held marking after a hardware 
reset, areset Tx command, when the transmit- 
ter is not enabled, and during underrun/idle, if 
this feature is selected through TPR[7:5]. The 


‘TxD pin is also held marking if the transmitter 


is enabled, andthe TxFIFO is empty (ASYNC), 
or if a TSOM or TSOMP command has not 
been issued (SYNC modes). 


The following command bits can be appended 
to characters in the TxFIFO: TEOM, TDLE, ex- 
clude from CRC, andreset TxCRC. An invoked 
commands) is appended to the next character 
loaded into the TxFIFO and follows the charac- 
ter through the FIFO until that character is 
ready to be loaded into the TxSR. The transmit- . 
ter for the various protocols. 


Tx ASYNC Mode ~ 

Serialization begins when the TxFIFO data is 
loaded into the TxSR. The transmitter first 
sends a start bit, then the programmed number 
of bits/character (TPR[1,0]), a parity bit (if spe- 
cified), and the programmed number of stop 
bits. following the transmission of the stop bits, 
if a new character is not available in the TxFI- 


_ FO, the TxD output goes to marking and the un- 


derrun condition (TRSSR[7}) is set. 


Transmission resumes when the CPU loads a 
new character into the TxFIFO or issues asend 
break command. The send break command 
clears the TxFIFO and forces a continuous 
space (Low) on the TxD output after the charac- 
ter in TXSR (if any) is serialized. A send break 
acknowledge (TRSR[4]) is returned to the CPU 
to facilitate reassertion of the send break com- 
mand in order to send an integral number of 
break characters. The send break condition is 
cleared when the reset Tx or disable Tx com- 
mand is issued. 


Tx COP Modes 

Transmitter commands associated with all 
COP modes are: transmit SOM (TSOM, trans- 
mit start of message), transmit SOM with PAD 
(TSOMPO, transmit EO (TEOM, transmit end of 
message), reset TxCRC, exclude from CTC, 
and transmit DLE. 


A TSOMor send TSOMP command mustbe is- 
sued to start COP transmission. TSOM (with- 
out PAD) causes the TxCRC/LRC generator to 
be initialized and one or two SYN characters 
from S1R/S2R to be loaded into the TXSR and 
shifted out on the TxD output. A parity bit, if 
specified, is appended to each SYN character 
after the MSB. Send SOM acknowledge 
(TRSR[4]) is asserted when the SYN output be- 
gins. The user may reinvoke the command to 


Philips Components—Signetics Data Communication Products 


Product Specification 





Dual universal serial communications controller (DUSCC) 


SCN68562 





cause multiple SYNs to be transmitted. If the 
command is. not reinvoked and the TxFIFO is 
empty, SYN patterns continue to be transmitted 
until the TxFIFO is loaded. If data is present in 
the FIFO, the first character is loaded into the 
TxSR and serialization of the data begins. Note 
thatthe TxFIFO may be preloaded with data be- 
fore the TSOM is issued. 


The TSOMP command causes all characters in 
the TxFIFO (PAD characters) to be loaded into 
the TxSR and serialized if the Tx is enabled. 
Unlike the transmit SOM without PAD com- 
mand, data (non-PAD characters) cannot be 
preloaded into the TxFIFO. While the PAD is 
transmitted, parity is disabled and character 
length is automatically set to 8 bits regardless 
of the value in TPR[1:0]. When the TxFIFO be- 
comes empty after the PAD, the TxCRC/LRC 
generator is initialized, the SYN character(s) 
are transmitted with optional parity appended, 
and send SOM acknowledge asserted. Opera- 
tion then proceeds in the same manner as the 
TSOM command; the user has the option to in- 
voke the TSOM command to cause multiple 
SYNs to be transmitted. 


After the TSOM/TSOMP command is ex- 
ecuted, characters in the TxFIFO are loaded 
into the TxSR and shifted out with a parity bit, 
if specified, appended after the MSB. If, after 
the opening SYN(s) and at least one data has 
been transmitted, the TxFIFO is empty, a data 
underrun condition results and TRSR[7] is as- 
serted. The transmitter’s action on data under- 
run is determined by TPR[7:6] and the COP 
protocol. If TRP[7:6] = ‘10’, the transmitter line 
fills with MARK characters until a character is 
loadedinto the FIFO. | TRP[7:6] and the COP 
protocol. If TPA[7:6] = ‘11° is selected, the 
transmitter line fills with SYN, SYN1-SYN2, or 
DLE-SYN1 for monosync, dual sync, and BI- 


Table 13. 


TPRA[7:6] PROTOCOL 


SYNC transparent modes, respectively. If 
TPR[7:6] = ‘00’, the BCC characters are trans- 
mitted and frame complete (TRSR[6)) is set. 
TxD then assumes the programmed idle state 
(TPR[5]) of MARKs or SYN1/SYN1-SYN2. 


Operation resumes with the transmission of a 
SYN sequence when a TSOM command is in- 
voked. A TSOMP command is ignored unless 
the transmitter is disabled and then reenabled. 


Anappended TEOMcommandalso terminates 
the frame as described above. It occurs after 
transmission of the character to which the 
TEOMis appended. The TEQMcommand can 
be explicitly asserted through the channel com- 
mand register. If TPR[4] = ‘1’, the TEOM is au- 
tomatically appended to a character in DMA 
mode, if the DONEN input is asserted when 
that character is loaded into the TxFIFO, or if 
the counter/timer is counting transmitted char- 
acters when the character which causes the 
counter to reach zero count is loaded. 


The TDLE command when appended to achar- 
acter in the TxFIFO, causes the DLE character 
to be loaded into the the TxSR and serialized 
before the TxFIFO character is loaded into the 
TxSR and serialized. This feature is particular- 
ly useful for BISYNC operation. The DLE char- 
acter will be excluded from the CRC 
accumulation in BISYNC transparent mode 
(see below), but will be included in all other 
COP modes. 


In BISYNC mode, transmission of a DLE-STX 
character sequence (either via a send TDLE 
command appended to the STX character, or 
via DLE and STX loaded into the TxFIFO) puts 
the transmitter into the transparent test mode of 
operation. In this mode, normally restricted 
character sequences can be transmitted as 
‘normal’ bit sequences. The switch occurs after 


Abort Sequence — Protocol Mode 


LAST CHARACTER 


transmission of the two characters, so that the 
DLE and STX are included in the BCC accumu- 
lation. If the DLE-STX is to be excluded from 
the CRC, the user should issue a ‘reset CRC’ 
command prior to loading the next character. 


Another method of excluding the two charac- 
ters from the CRC is to invoke the ‘exclude from 
CRC’ command prior to loading the charac- 
ter(s) into the FIFO. While in transparent mode, 
the transmitted line fills with DLE-SYN1 and au- 
tomatically transmits an extra DLE if it finds a 
DLE in the TxFIFO (‘DLE stuffing’). The trans- 
mitter reverts to non-transparent mode when 
the frame complete status is set in TRSR[5]. 


CRC/LRC accumulation can be specified in all 
COP modes; the type of CRC is specified via 
CMR2{[2:0]. The TSOM/TSOMP commands 
setthe CRC/LRC accumulator to its initial state 
and accumulation begins with the firstnon-SYN 
character after the initial SYN(s) are trans- 
mitted. PAD characters are not subject to CRC 
accumulation. Innon-BISYNC or BISYNC nor- 
mal modes, all transmitted characters except li- 
nefill characters (SYNs or MARKs) are subject 
to accumulation. In BISYNC _ transparent 
mode, odd (stuffed) DLEs and the DLE-SYN1 
linefill are excluded from the accumulation. 
Characters can be selectively excluded from 
the accumulation by invoking the ‘exclude form 
CRC’ command prior to loading the character 
into the FIFO. 


Accumulation stops when transmission of the 
firstcharacter of the BCC begins. The CPU can 
set the accumulator to its initial state prior to the 
transmission of any character by using the ap- 
pended reset CRC command. The CRC gen- 
erator is also automatically initialized after the 
EOM is sent. 


FLAG following either FCS (if selected) or last data character 
. Last byte of FCS before line begins SYN or MARKing 


Abort sequence (11111111) prior to MARKing 


Last byte of FCS before line begins SYN or MARKing 


Abort sequence (11111111) prior to FLAG 
First SYN of SYN sequence 





October 30, 1990 


333 


Philips Components—Signetics Data Communication Products Product Specification 





Dual universal serial communications controller (DUSCC) SCN68562 





Table 14. Special Bit Patterns | 
PROTOCOL BIT PATTERN | 
ASYNC-BREAK An all 0’s character including parity bit (if specified) and stop bits. Used for send break command. 


COP-SYN Contained in S1R (single SYN mode) or in S1R/S2R (dual SYN modes). Used for TSOM and TSOMP 
commands and for non-transparent mode linefill and IDLE. 


COP-DLE Used for TDLE command and for BISYNC transparent mode linefill and to generate BISYNC control 
sequences. 


COP-CRC | 16/8 bits from the CRC/LRC accumulator used for TEOM command or for auto-EOM modes. 


BOP-FLAG 01111110. Used for TSOM, TSOMP, and TEOM commands, for auto-EOM modes, andas an IDLE line 
fill, 


BOP-ABORT 11111111. Used for send ABORT command or during TxFIFO underrun. 


BOP-CRC 16 bits from the CRC accumulator used for TEOM command or for autto-EOM modes. 
BOP/COP MARK | All 1's pattern on data line. 


| 
NRZ DATA | | | | | | | 

| | | | 
NRZI DATA | | | | 


Rx DPLL CLOCK 
OUTPUT 


0 cers COUNT 


FMO DATA | | | | | | | | | | | | 


FM1 DATA | | | | | | | | | | | | 


Rx DPLL CLOCK 
OUTPUT 


1624 8] 24 8] 24 8 CLOCK COUNT 


| 
_ MANCHESTER DATA | | | | | | | | | | | 
Rx DPLL CLOCK | 
OUTPUT 


1608 24| 8 24| 8 24 CLOCK COUNT 


Figure 9. DPLL Waveforms 
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TxBOP Modes 

Transmitter commands associated with BOP 
modes are TSOM, TSOMP, TEOM, and trans- 
mit ABORT (TABRK). The TSOM and TSOMP 
commands are identical to COP modes except 
that a FLAG character (01111110) is used as 
the start of message sequence instead of the 
SYNs, and FLAG(s) that continue to be sent un- 
til the TxFIFO is loaded. There is no zero inser- 
tion (see below) during transmission of the PAD 
characters, and they are not preceded by a 
FLAG or accumulated in the CRC. Character 
length is automatically set to 8 bits regardless 
of TPR[1:0]. 


The first characters loaded into the TxSR from 
the TXFIFO are the address and control fields, 
which have fixed character lengths of eight bits. 
The number of address field bytes is deter- 
mined by CMR1[4:3]. If extended address field 
is specified, the field is terminated if the first ad- 
dress octet is H'00’ or if the LSB of the octet is 
a1. The number of control field bytes is se- 
lected by CMRi[5]._ If any information field 
characters follow the control field (forming an | 
field), they are transmitted with the number of 
bits per character programmed in TPR[1:0]. 
The TEOM command can be appended to the 
last character whether explicitly or automatical- 
ly as described for COP mode. When the char- 
acter with the appended TEOM is loaded from 
the TxFIFO, itis transmitted with the character 


SPECIAL CHARACTERS: 
FLAG, ABORT, DLE, 
BREAK, ETC. 


TxSR 


DLE, STX DETECT 


TRANSMITTER SHIFT REGISTER 
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length specified by OMR[7:5]. In this way, a re- 
sidual character of 1 - 8 bits is transmitted with- 
out requiring the CPU to change the Tx 
character length for this last character. 


After opening the FLAG and first address octet 
have been transmitted, an underrun occurs 
(TRSR[7] = 1) if the TxFIFO is empty when the 
transmitter requires a new character. The un- 
derrun control bits (TPR[7:6}) determine wheth- 
er the transmitter line fills with either 
ABORT-MARKs, ABORT-FLAGs (see below), 
or ends transmission with the ‘normal’ end of 
message sequence. 


EOMonunderrun is functionally similar to EOM 
due to an appended TEOM command. if the 
EQOM Is due to underrun, the normal character 
length applies to the last data character. After 
the last character is transmitted, the FCS (in- 
verted CRC) andclosing FLAG are sent, frame 
complete (TRSR{[5]) is set, and the TxCRC is 
initialized. If the TxFIFOis empty after the clos- 
ing FLAG has been sent, TXD will assume the 
programmed idle state of FLAGs or MARKs 
(TPR[5]) and wait for a character to be loaded 
into the FIFO or fora TSOM command to be is- 
sued. If the TXFIFO is not empty at that time, 
the TxFIFO data will be loaded into the TxSR 
and serialized. In that case, the closing FLAG 
is the opening FLAG of the next frame. 


TxFIFO 
DATA FIFO 


The user can control the number of FLAGs be- 
tween frames by invoking the TSOM command 
after frame complete is asserted. The DUSCC 
then operates in the same manner as for trans- 
mission of multiple FLAGs at the beginning of 
a frame. When the command is no longer rein- 
voked, transmission of the TxFIFO data will be- 
gin. Ifthe FIFO is empty, FLAGs continue to be 
transmitted. 


The DUSCC provides automatic zero insertion 
in the data stream to prevent erroneous trans- 
mission of the FLAG sequence. All data char- 
acters loaded into the TxSR from the TxFIFO 
and characters transmitted from the CRC gen- 
erator are subject to zero insertion. For this fea- 
ture a zero is inserted in the serial data stream 
each time five consecutive ones (regardless of 
character boundaries) have been transmitted. 


A send ABORT command clears the TxFIFO 
and inserts an ABORT character of eight ones 
(not subject to zero insertion) into the TxSR for 
transmission after the current character has 
been serialized. A send abort ack (TRSR/4]) 
facilitates reassertion of send abort by the user 
to guarantee transmission of multiple abort 
characters. This feature can be used to send 
the 15-ones idle sequence. 


COMMAND FIFO 


TO Tx CONTROLLER 


COP/BOP 


Tx LRC/CRC 


PARITY GENERATOR 


MUX 


BOP 


ZERO INSERT 


INTERNAL RxD (NRZ) 


DATA ENCODER 
(1-BIT DELAY) 
NRZ, NRZ, 
FMO, FM1, 
MANCHESTER 


INTERNAL TxD 





Figure 10. Transmitter Data Path 
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The transmitter sends either marks or FLAGs 
after the abort character(s) has been trans- 
mitted, depending on TPR[7:6]. Operation re- 
sumes with the transmission of a FLAG when 
a TSOM commandis invoked. A TSOMP com- 
mand is ignored unless the transmitter is dis- 
abled and then reenabled. 


CRC accumulation can be specified in all BP 
modes. The type of CRC is specified via 
CMR2[2:0], and is normally selected as 
CRC-CCITT preset to ones, although any op- 
tion is valid. Note that LRC8 option is not al- 
lowed in BOP modes. 


The TSOM/TSOMP command sets the CRC 


accumulator to its initial state andaccumulation 


begins with the first address octet after the ini- 
tial FLAG(s). Accumulation stops when trans- 
mission of the first character of the FCS begins. 
The CPU can set the accumulator to its initial 
state prior to the transmission of any character 
by using the appended reset CRC command 
and can exclude any character from the accu- 
mulation by use of the exclude from CRC com- 
mand, but these features would not normally be 
. used in BOP modes. The CRC generator is 
also automatically initialized after the EOM or 
an ABORT are sent. 


TxBOP Loop Mode 

The loop modes are used by secondary sta- 
tions on the loop, while the primary station oper- 
ates in the BOP primary mode. Both the 
transmitter and receiver must be enabled and 
should be programmed to use the same clock 
source. Loop operation is initiated by issuing 
the ‘go on-loop’ command. The receiver looks 
for the receipt of seven contiguous ones and 
then asserts the LCN output to cause external 
loop control hardware to put the DUSCC into 
the loop, with the TxD output echoing the RxD 
input with a 2-bit time delay. The echoing pro- 
cess continues until a Go Active on Poll (GAP) 
command is invoked. The DUSCC then looks 
for receiptof an EOP bit pattern (a zero followed 
by seven ones, 11111110) and changes the last 
one of the EOP into a zero making itan opening 
FLAG. Loop sending (TRSR{6]) is asserted at 
thatsame time. The action of the transmitter af- 
ter sending the initial FLAG depends on the sta- 
tus of the transmit FIFO. 


lf the transmit FIFO is not empty, a normal 
frame transmission begins. The operation is 
then similar to normal BOP operation with the 
following differences: 


1. An ABORT command, an underrun, or 
receipt of the turnaround sequence (H'00’) 
or FLAG cause the transmitter to cease 
operation and to revert to echoing the 
RxD input with a 2-bit time delay. A new 
transmission cannot begin until the GAP 
command is reinvoked and a new EOP 
sequence is received. 
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2. Subsequent to sending the EOM se- 
quence of FCS-FLAG, the DUSCC ex- - 
amines the internal GAP flip-flop. If it is 
not set (having been reset by the ‘reset 
GAP‘ command, the DUSCC reverts to 
echoing the received data. If the internal 
GAP flip-flop is still set, transmission of a 
new frame begins, with the user having 
control of sending multiple FLAGs be- 
tween frames by use of the ‘send SOM’ 
command. If the FIFO is empty at this 
time, the DUSCC continues to send 
FLAGs until the data is loaded into the 
FIFO or until GAP is reset. If the latter 

occurs, it reverts to echoing RxD. 


When the DUSCC reverts to echoing RxD 
in any of the above. cases, the last trans- 
mitted zero and seven ones will form an 
EOP for the next station down the loop. 


If the TxFIFO is empty when the EOP isrec- 
ognized, the transmitter continues to send 
_FLAGs until there is data in the FIFO. Ifa 
turnaround sequence or the reset GAP 
command is received before the FIFO is 
loaded, the transmitter switches to echoing 
RxD without any data transmission. Other- 


.wise a frame transmission begins as above . 


when a character is loaded into the FIFO. 

. The mechanism provides time for the CPU 
to examine the received frame (the frame 
preceding the EOP) to determine if it should 
respondor not, while holding its option to ini- 
tiate a transmission. 


Termination of operation in the loop mode 


should be accomplished by use of the ‘go 
off-loop’ command. When the command is in- 
voked, the DUSCC looks for the receipt of eight 
contiguous ones. It then negates the LCN out- 
put to cause the external loop control hardware 
to remove the DUSCC from the loop without af- 
fecting operation of other units remaining on the 
loop. 


RECEIVER 

The receiver data path includes two 9-bit hold- 
ing registers, HSRH and HSRL, an 8-bit char- 
acter comparison register, CCSR, two 
synchronizing flip-flops, a receiver shift regis- 
ter, RxST, the programmable SYN comparison 
registers, S1R and S2R, and BISYNC charac- 
ter comparison logic. The DUSCC configures 
the circuitry and utilizes it according to the op- 
erational mode selected for the channel 
through the two mode registers CMR1 and 
CMR2. For all data paths, character data is as- 
sembled according to the character bit count, in 
the RxSR, and is moved to the RxFIFO with any 
appended statuses when assembly is com- 
pleted. Figure 1 depicts the four data paths 
created in the DUSCC for the previous proto 
cols. 


336 


Receiver RxFIFO, RxRDY 

The receiver converts received serial data on 
RxD (LSB first) into parallel data according to 
the transmission format programmed. Data is 
shifted through a synchronizing flip-flop and 
one or more shift registers, the last of which is 
the 8-bit receiver shift register (RxST). Bits are 
shifted into the RxSR on the rising edge of each 
1X receive clock until the LSB is in RXSR[O]. 
Hence, the received character is right justified, 
with all unused bits in the RxSR cleared to zero. 
Areceive character length counter generates a 
character boundary signal for synchronization 
of character assembly, character comparisons, 
break detection (ASYNC), and RxSR to RxFi- 
FO transfers (except for BOP residual charac- 
ters). During COP and BOP hunt phases, the 
SYN/GLAG comparison is made each receive 
bit time, as abort, and idle comparisons in BOP 
modes. 


Aninternal clock from the BRG, the DPLL or the 
counter/timer, or an external 1X or 16X clock 
may be used as the receiver clock in ASYNC 
mode. The BRG or counter/timer cannot be 
used directly for the receiver clock in synchro- 
nous modes, since these modes require a 1X 
receive clock that is in phase with the received 
data. This clock may come externally from the 
RTxC or TRxC pins, or it may be derived inter- 
nally from the DPLL. Received datais internally 
converted to NRZ format for the receiver cir- 
cuits by using clock pulses generated by the 
DPLL. 


When a complete character has been as- 
sembled in the RxSR, it is loaded into the re- 
ceive FIFO with appended status bits. The 
most significant data bits of the character are 
set to zero if the character length is less than 
eight bits. In ASYNC and COP modes the user 
may select, via RPR[3], whether the data trans- 
ferred to the FIFO includes the received parity 
bit or not. The receiver indicates to the CPU or 
DMA controller that it has data in the FIFO by 
asserting the channel's RxRDY status bit 
(GSR[4] or GSR{O] and, if in DMA mode, the 
corresponding receiver DMA request pin. 


The RxFiFO consists of four 8-bit holding regis- 
ters with appended status bits for character 
countcomplete indications (all modes), charac- 
ter compare indication (ASYNC), EOM indica- 
tion (BISYNC/BOP), and parity, framing, and 
CRC errors. Data is loaded into the RxFIFO 
from the RxSR and extracted (read) by the CPU 
or DMA controller via the data bus. AN RxFIFO 
read create an empty RxFIFO position for new 
data from the RxSR. 


RxRDY assertion depends on the state of 
OMR{3}: 
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. If OMR[S] is 0 (FIFO not empty), RxRDY 
is asserted each time a character is trans- 
ferred form the receive shift register to the 
receive FIFO. Ifitis not reset by the 
CPU, RxRDY remains asserted until the 
receive FIFO becomes empty, at which 
time it is automatically negated. If it is re- 
set by the CPU, it will remain negated, 
regardless of the current state of the re- 
ceive FIFO, until a new character is trans- 
ferred from the RxSR to the RxFIFO. 


. If OMR[3] is 1 (FIFO full), RxRDY is 
asserted: 

. When acharacter transfer from the re- 
ceive shift register to the receive FIFO 
causes it to become full. 


PO 


© 


oO 


. When a character with a tagged EOM sta- 
tus bit is loaded into the FIFO (BISYNC or 
BOP) regardless of RxFIFO full condition. 


2 


When the counter/timer is programmed to 
count received characters and the charac- 
ter which causes it to reach zero count is 
loaded into the FIFO (ICTSR[6}). 


Qa. 


. When the beginning of break is detected 
in ASYNC mode regardless of the RxFI- 
FO full condition. 


Ifitis not reset by the CPU, RxRDY remains as- 
serted until the FIFO becomes empty, at which 
time it is automatically negated. If itis reset by 
the CPU, it will remain negated regardless of 
the current state of the receive FIFO, until it is 
asserted again due to one of the above condi- 
tions. 


The assertion of RxRDY causes an interrupt to 
be generated if IER[4] and the channel's master 
interrupt enable (ICR[O] or ICR[1]) are as- 
serted. 


When DMA operation is programmed, the 
RxRDY status bit is routed to the DMA control 
circuitry for use as the channel receiver DMA 
request. Assertion of RxRDY results in asser- 
tion of RTxDRQN output. 


Several status bits are appended to each char- 
acter in the RxFIFO. When the FIFO is read, 
causing it to be ‘popped’, the status bits asso- 
ciated with the new character at the top of the 
RxFIFO are logically ORed into the RSR. 
Therefore, the user should read RSR before 
reading the RxFIFO in response to RxRDY acti- 
vation. If character-by character status is de- 
sired, the RSR should be read and cleared 
each time anew character is received. The 
user may elect to accumulate status over sev- 
eral characters or over a frame by clearing RSR 
at appropriate times. This mode would normal- 
ly also be used when operating in DMA mode. 
If the RxFIFO is empty when a read is at- 
tempted, and wait mode as specified in 
CMR2[5:3], is not being used, a H‘FF’ is output 
on the data bus. 
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In all modes, the DUSCC protects the contents 
of the FIFO and the RxSR from overrun. If a 
character is received while in FIFO is full anda 
character is already in the RxSR waiting to be 
transferredinto the FIFO, the overrunning char- 
acter is discarded andthe OVERRUN status bit 
(RSR[5)}) is asserted. If the overruning charac- 
teris anend-of-message character, the charac- 
ter is lost but the FlFOed EOM status bit will be 
asserted when the character in the RxSR is 


loaded into the FIFO. 


Operation of the receiver is controlled by the 


enable receiver command. When this com- 
mand is issued, the DUSCC goes into the 
search for start bit state (ASYNC), search for 
SYN state (COP modes), or search for FLAG 
state (BOP modes). When the disable receiver 
commandis issued, the receiver ceases opera- 
tion immediately. The RxFIFO is cleared on 
master reset, or by a rest receiver command. 
However, disabling the receiver does not affect 
the RxFIFO, RxRDY, or DMA request opera- 
tion. 


Receiver DCD and RTS Controls 

If DCD enable Rx, RPR[2], is asserted, the 
DCD input must be asserted and the sampling 
circuit detects that the DCD input has been ne- 
gated, the receiver ceases operation immedi- 
ately. Operation resumes when the sampled 
DCD is asserted again. A change of state de- 
tector is provided on the DCD input of each 
channel. The required duration of the DCD lev- 
el change is described in the discussion of 
ICTSR[5]. The user may program a change of 
state to cause an interrupt to be generated 
(master interrupt enable ICR[O] or [1] and 
|ER{7] must be set) so that appropriate action 
can be taken. 


In ASYNC mode, RPR[4] can be programmed 
to control the deactivation of the RTSN output 
by the receiver. RTSN can be manually as- 
serted and negated by writing to OMR[0]. How- 
ever, the assertion of RPR[4] causes RTS to be 
negated automatically upon receipt of a valid 
Start bit if the channel's receive FIFO is already 
full. When this occurs, the RTSN negated 
status bit, RSR[6], is set. This may be used as 
a flow control feature to prevent overrun in the 
receiver by using the RTSN output signal to 
control the CTSN input of the remote transmit- 
ter. The new character will be assembled in the 
RxSR, but its transfer to the FIFO will be 
delayed until the CPU reads the FIFO, making 
the FIFO position available for the new 
character. 


Once enabled, receiver operation depends on 
channel protocol mode. The following de- 
scribes the receiver operation for the various 
protocols. 


RxASYNC Mode 
When first enabled, the receiver goes into the 
search for start bit state, looking for a 
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High-to-Low (mark-to-space) transition of the 
start bit on the RxD input. If a transition is de- 
tected, the state of the RxD pin is sampled 
again each 16X clock for 71/2 clocks (16X clock 
mode) or at the next rising edge of the bit time 
clock (1X clock mode). If RxD is sampled High, 
the start bit is invalid and the search for a valid 
start bit begins again. 


If RxD is still Low, a valid start bit assumed and 
the receiver continues to sample the input at 
one bit time intervals (16 periods of the 16X Rx 
clock; one period of the 1X Rx clock) at the 
theoretical center of the bit, until the proper 
number of data bits and the parity bit (if speci- 
fied) have been assembled, and the first stop bit 
has been detected. 


The assembled character is then transferred to 
the RxFIFO with appended parity error (if parity 
is specified) and framing error status bits. The 
DUSCC can be programmed to compare this 
character to the contents of SiR. The ap- 
pended character compare status bit, RSR[7], 
is set if the data matches and there is no parity 
error. 


After the stop bit is sampled, the receiver will 
immediately look for the next start bit. Howev- 
er, ifanon-zero character was received without 
a stop bit (i.e., framing error) and RxD remains 
Low for one-half of the bit period after the stop 
bit was sampled, then the receiver operates as 
if a new start bit transition had been detected at 
that point (one-half bit time after the stop bit was 
sampled). 


Ifa break condition is detected (RxD Low for en- 
tire character time including optional parity and 
first stop bit), only one character consisting of 
all zeros will be loaded into the RxFIFO and 
break start detect, RSR[2], will be set. The RxD 
input must return to a High condition for atleast 
one half of a bit time (16X clock mode) or for 
one bit time (1X clock mode) before the break 
condition is terminated and the search for the 
next start bit begins. At that time, the break end 
detect condition, RSR[3], is set. Note that the 
maximum speed in the receiver when in 
asynchronous mode must not exceed 2Mbs. 


Rx COP Modes 

When the receiver is enabled in COP modes, 
it first goes into the SYN hunt phase, testing the 
received data each bit time for receipt of the ap- 
propriate SYN bit pattern, Plus parity if speci- 
fied, to establish character boundaries. 
Receipt of the SYN bit pattern terminates hunt 
phase and places the receive in the data phase, 
in which all leading SYNs are stripped and the 
RxFIFO begins to load starting with the first 
non-SYN character. In COP single SYN proto- 
col mode, S1R contains the SYN character re- 
quired to establish character synchronization. 
In COP dual SYN and BISYNC protocol 
modes, S1R and S2R contain the first and sec- 
ond SYN characters, respectively, required to 
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establish character synchronization. The SYN 
character length is the same as the character 
length programmed in RPR[1:0], plus the parity 
bit if parity is specified. SYN characters re- 
ceived with a parity error, when parity is speci- 
fied, are considered invalid and will not cause 
synchronization to be achieved. 


In COP mode, resetting the receiver clears the 
receiver data path, while disabling the receiver 
does not. If not reset, partial sync patterns re- 
maining in the receiver will be recognized when 
itis enabled. 


If external synchronization is programmed 
(RPR[4] = 1), the internal SYN detection and 
special character recognition logic are disabled 
and receipt of SYN characters is not required. 
A pulse on the SYNI input pin will establish 
character synchronization and terminate hunt 
phase. The SYNI pin is ignored after the first 
inputon the SYNIN pinis received. The receiv- 
er must be disabled and then reenabled to re- 
synchronize or to return to normal mode. This 
must be programmed in conjunction with 
CMR1[2:0] = 110. Refer to the description of 
RPR[4] for further details 


The SYN detect status bit RSR[2], is set when- 
ever SYN1, SYN1-SYN2, or DLE-SYN1 is de- 
tected for single SYN, dual SYN/BISYNC 
normal, and BISYNC transparent modes, re- 
spectively, and the SYNOUT pin will go active 
for one receive clock period one bit time after 
SYN detection in HSRH/HSRL. After character 
sync has been attained, the receiver enters the 
data phase and assembles characters in the 
RxSR, beginning with the first non-SYN char- 
acter, with the least significant bit received first. 
It computes the BCC if specified, checks parity 
if specified, and checks for overrun errors. 


The operation of the BCC (CRC/LRC) logic de- 
pends on the particular COP mode in use. The 
BCC is initialized upon first entering the data 
phase. For non-BISYNC modes, all received 
characters after entering data phase are in- 
cluded in the BCC computation, except for 
leading SYNs and SYNs which are specified to 
be stripped by RPR[7]. As each received char- 
acter is transferred from the RxSR to the FIFO, 
the current value of the BCC characters is 
checked and the CRC ERROR status bit 
(RSR[1]}) is set if the value of the CRC remain- 
der is not the expected value. RSR[1] gets set 
when the character reaches the top of the 
FIFO. The EOM status bit, RSR[7], is not set 
since there is no defined end-of-message char- 
acter. The receiver computes the BCC for test 
messages automatically when operating in BI- 
~ SYNC protocol mode. 


BISYNC Features 


The DUSCC provides support for both BISYNC. 


normaland transparentoperations. The follow- 
ing summarizes the features provided. Both 
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EBCDIC and ASCII text messages can be han- 
dled by the DUSCC as selected by CMR1[5]. 
The receiver has the capability of recognizing 
special characters for the BISYNC protocol 
mode (see Table 15). 


All sequences in Table 15, except SOH and 
STX, when detected explicitly cause a status to 
be affected. The following describes the condi- 
tions when this occurs. 


The first character received when entering data 
phase for a header or text message should be 
an SOH, an STX, or a DLE-STX two-character 
sequence. Receipt of any of these initializes 
the CRC generator and starts the CRC accu- 
mulation. The SOH places the receiver in 
header mode, receipt of the STX places itin text 
mode, the receipt of the DLE-STX sequence (at 
any time) automatically places the receiver in 
transparent mode and sets the XPNT mode 
status bit, TRSR[O]. There is no explicit status 
associated with SOH and STX. If any charac- 
ters are received when entering the data phase, 
the message is treated as a control message 
and will not be accumulated in CRC. 


After the data phase is established, the receiver . 


searches the data stream for an end of mes- 
sage control character(s): 


. Header field: ENQ, ETB, or ITB 


Normal text field: ENQ, ETX, ETB, or ITB 


Transparent text field: DLE-ENQ; DLE- ETX, 
DLE-ETB, or DLE-ITB 


Control message field: EOT, NAK, ‘ACKO, 
ACK1, WACK, RVI or TTD 


Detection of any one of these sequences 
causes the EOM status bit, RSR[7], to be set. 
Also if RPR[5] is set and the receiver does not 
detect a closing PAD (four 1's) after the ‘EOT'’ 
or ‘NAK’, the PAD error status bit, RSR[6], is 
set. When the abort sequence ENQ or 
DLE-ENQ is detected, the character is tagged 
with an EOM status and transferred to the 
FIFO, but the appended CRC error status bit 
should be ignored. For the other EOM control 
sequences, the receiver waits for the next two 
bytes (the CRC bytes) to be received, checks 
the value of the CRC generator, and tags the 
transferredcharacter with a CRC error, RSR[1], 
if the CRC remainder is not correct. See Figure 
11 for an-example of BCC accumulation in vari- 
ous BISYNC messages. 


The CRC bytes are normally not transferred to 
the FIFO, unless the transfer FCS to FIFO con- 
trol bit, RPR[6]; is asserted. In this case the 
EOM and CRC error status bits will be tagged 
onto the last byte of the last FCS byte instead 
of to the last character of the message. After 
detecting one of the End-Of-Message (EOM) 


character sequences and setting RSR[7], the .«, 


receiver automatically goes into auto hunt 
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mode for the SYNC characters and PAD check 
if RPR[5] is set. 


SYN Pattern Stripping 

Leading SYNs (before a message) are always 
stripped and excluded from the FCS, but SYN 
patterns within a message are treated by the re- 
ceiver according to the RPRA[7] bit. SYN char- 
acter patterns are defined for the various COP 
modes as follows: 


COP single SYN mode — SYN1 


COP dual SYN mode — SYN1, and SYN2 
when immediately preceded by SYN1. 


BISYNC normal mode — SYN1, and SYN2 
when immediately preceded by SYN1. SYN1 
is always Stripped, even if it is not followed by 
SYN2 when stripping is selected. 


BISYNC transparent mode — DLE-SYN1, 
where the DLE is the last of an odd number of 
consecutive DLEs. 


0 Strip only RPR[7] leading the SYN 
and do not accumulate in FCS. 
1 Strip all SYNs. Additionally, strip odd 


DLEs when operating in BISYNC 
transparentmode. Do notaccumulate 
stripped characters in FCS. 


Processing of the SYN patterns is determined 
by the RPR[7] bit, the COP mode, and the posi- 
tion of the pattern in the frame. This is summa- 
rized in Table 16. 


The value of the RPR[7] field does not affect the 
setting of the SYN DETECT status bit, RSR[2], 
and the generation of a SYNOUT pulse when 
a SYN pattern is received. 


RxBOP Mode | 
In BOP protocol mode, the receiver may be in 
any one of four phases: hunt phase, address 
field (A) phase, control field (C) phase, or infor- 
mation field (I) phase. The character length for 
the A and C phases is always 8 bits. The | field 
character length is specified in RPR[1:0]. 


Note that if the residual character length is not 
zero, the unused most significant bits in the re- 
ceiver FIFO are not necessarily zero. the un- 
used bits should be ignored, this will not cause 
a CRC error. 


After an enable receiver command is executed, 
the receiver enters hunt phase, in which a com- 
parison for the string (01111110) is done every 
Rx bittime. The FLAGdelineates the beginning 
(and end) of a received frame and establishes 
the character boundary. Each FLAG match in 
CCSR causes the. FLAG detect status bit 
(RSR[2]}) to be set and SYNOUTN pin to be ac- 
tivated one bit time later for one receive clock 
period. FLAGs with an overlapping zero will be 
detected. All FLAGs are deleted from the data 
stream.: 
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Table 15. BISYNC Features 
BISYNC — Single-Character Sequences 


ASCII EBCDIC Description 


Start of header 

Start of text 

End of text 

End of transmission 

Enquiry 

Data link escape 

Negative ack 

End of transmission block 

End of intermediate transmission block 


BISYNC — Two-Character Sequences 


H'10,B0’ ‘10,70’ Acknowledge 0 

H‘'10,31" ‘10,61' Acknowledge 1 

H‘10,3B' ‘10,6B' Wait before transmit positive ack 
H'10,BC’ ‘10,7C’ Reverse interrupt 

H'02,85' ‘02,2D' Temporary text delay 


BISYNC — (Transparent Text Mode) — Two-Character Sequences 


DLE-ENQ H'10,85' H'10,2D’ Enquiry 

DLE-ITB H'10,1F° H‘10, 1F’ End of intermediate transmission block 
DLE-ETB H'10,97’ H'10.26' End of transmission block 

DLE-ETX H'10,83' H'10,03' End of text 

DLE-STX H‘10,02' H‘10,02’ Start of transparent text mode 


SYN SYN SOH 


N DLE SYN SETX 


"| DLESYN joue| 


NOTES: 

The BCC accumulator is stopped after the end of message character sequence is accumulated. All shaded areas are accumulated. 
ENQ (DLE - ENQ) in a text message should be treated as an abort. 

Opening SYNs will be stripped by the receiver. 


Figure 11. Example of BCC Accumulation in Various BISYNC Messages 
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Table 16. SYN Pattern 


Processing 


RPR | LEADING | WITHINA 
[7] SYNs MESSAGE 
BISYNC no FCS no FCS 
no FIFO Pattern into 


FIFO 















no FCS 
no FIFO 


no FCS 
no FIFO 











no FCS 





Accumulate 
in FCS 

Pattern into 
FIFO 








no FIFO 















no FCS 
no FIFO 


no FCS 
no FIFO 


Once a FLAG has been detected, the receiver 
will exit hunt phase and enter address phase. 
The handling of the address field is determined 
by the values programmed in CMR1[2:0], 
which selects one of the BOP modes. The BOP 
secondary address modes are selected by 
CMR1[4:3] and function as in the description 
that follows. 


Single-Octet Address 

For receive, the address comparison for a sec- 
ondary station is made on the first octet follow- 
ing the opening FLAG. A match occurs if the 
first octet after the FLAG matches occurs if the 
first octet after the FLAG matches the contents 
of S1R, or if all parties address (RPR[3]) is as- 
serted and the first octet is equal to H'FF’. 


Dual Octet Address 

For receive, the address comparison for a sec- 
ondary station is made on the first two octets 
following the opening FLAG. 


A match occurs if the first two octets after the 
FLAG match the contents of S1R and S2R re- 
spectively, or if all parties address (RPR{[3}) is 
asserted and the first two octets are equal to 
HEF FF 

Dual Address with Group Mode 

For receive, the address comparison for a sec- 
ondary station is made on the first two octets 
following the opening FLAG. A match occurs 
for one of three possible conditions. If the first 
two octets after the FLAG match the contents 
of SiRandS2R, respectively, or if the firstoctet 
is H'FF’ and the second matches the contents 
of S2R (group mode), or when all parties ad- 
dress (RPR[3]) is asserted and the first two oc- 
tets are equal to H'FF,FF’. The second 
condition (group mode) allows a selected group 
of stations to receive a message. 


Extended Address Mode 

Extend address field to the next octet if the LSB 
of the current address octet is zero. Address 
field is terminated if the LSB of the address is 
aone. The address field will be terminated after 
the first octet if the null address H‘00’ is recei- 
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ved/transmitted as the first address octet. For 
this mode the receiver does not perform an ad- 
dress comparison (all received characters after 
the opening FLAG are transferred to the FIFO) 
but does determine when the address field is 
terminated. 


The length of the A field may be a single octet, 
a dual octet, or more octets, as described 
above. A primary station or an extended ad- 


dress secondary station does not perform an 


address comparison, and all characters in the 
A, C, and | fields after the flag are transferred 
to the FIFO. Although address field compari- 
sons are not performed, the length of the ad- 
dress field is still determined by CMR1[4:3]. 
For the other secondary address modes, if 
there is a match, or the received character(s) 
match either of the other enabling conditions 
(group or all-parties address), all characters in 
the A, C, and | field are transferred to the FIFO. 
If there is no match, the receiver returns to the 
FLAG hunt phase. 


C phase begins after A phase is terminated. 
The receiver receives one or two control char- 
acters, CMR1[5]. After this phase is termi- 
nated, the character length is switched 
automatically from 8 bits to the number of bits 
specified in RPR[1:0] and the information field 
phase is entered. 


The frame is terminated when a closing FLAG 
is detected. The same FLAG can also serve as 
the opening FLAG of the next frame. The 16 
bits received prior to the closing FLAG form the 
frame check sequence (if an FCS is specified 
in CMR2[2:0]). All non-FLAG characters of the 
frame are accumulated in the CRC checker and 
the result is compared to the expected remain- 
der. Failure to match will cause a CRC error. 
EOM detect RSR[7], RCL not zero RSR[0], and 
CRC error RSR[1] are normally FiFOed with 
the last character of the | field. RCL not zero 
RSR{0] is set if the length of the last character 
of the | field does not have the length pro- 
grammed in RPR[1:0]. The residual character 
length in TRSR[2:0] is also valid at that time. 
The CRC characters themselves are normally 
not passed to the RxFIFO. However, if the 
transfer FCS to FIFO control bit RPR[6] is as- 
serted, the FCS bytes will be transferred to the 


_ FIFO. In this case the EOM, CRC error, and 


RCL not zero status bits will be tagged onto the 
last byte of the CRC sequence instead of to the 
last character of the message. 


If the closing FLAG is received prior to receipt 
of the appropriate number of A field, C field as 
programmed in CMR1[5:3], and FCS field oc- 
tets, a short frame will be detected and RSR[4] 
will be set. The | field need not be present ina 
valid frame. An abort (11111110) comparison 
is done after an opening FLAG has been re- 
ceived and up to receipt of the closing FLAG. 
A match causes the abort detect status bit 
(RSR[6]) to be set. The receiver then enters 
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FLAG search mode. The abortis stripped from 
the received data stream. 


If a zero followed by 15 contiguous ones is de- 
tected, the idle detect status bit RSR[3] is set. 
This comparison is done whenever the receiv- 
eris enabled. Therefore, it can occur before or 
after a received frame. 


Zero deletion is performed during BOP receive. 
A zero after 5 contiguous ones is deleted from 
the data stream regardless of character bound- 
aries. Deleted zeros are not subject to CRC ac- 
cumulation. FLAG, ABORT, and IDLE 
comparisons are done prior to zero deletion. 


If external synchronization is programmed 
(RPR[4] - 1), the internal FLAG detection and 
address comparison logic is disabled and re- 
ceipt of FLAGs is not required. In this arrange- 
ment, a pulse on the SYNI-N input pin will 
establish synchronization and terminate hunt 
phase. The receiver will then go immediately 
into the I-field mode with zero deletion disabled, 
assembling and transferring characters into the 
FIFO with the character length specified in 
RPRI1:)]. The SYNI-N pin is ignored after the 
first input on the SYNI-N pin is received. The 
receiver must be disabled and then reenabled 
to resynchronize or to return to normal operat- 
ing mode. 


This mode must be programmed in conjunction 
with CMR1[2:0] = 110. Refer to the description 
of RPR[4] for further details. 


BOP Loop Mode 

Operation of the receiver in BOP loop protocol 
mode is similar to operation in other BOP 
modes, except that only certain frame formats 
are supported. Several character detection 
functions that interact with the operation of the 
transmitter commands are added: 


1. When the ‘go on-loop’ command is in- 
voked, the receiver looks for the receipt of 
a zero followed by seven ones and then 
asserts the LCN output. 


2. When the ‘go off-loop’ command is in- 
voked, the receiver looks for the receipt of 
eight contiguous ones and then negates 
the LCN output. 


3. The TxD output normally echoes the re- 
ceive input with a two bit time delay. 
When the ‘go active on poll’ command is 
asserted, the receiver looks for an EOP (a 
zero followed by seven ones) and then 
switches the TxD output line to the normal 
transmitter output. Receipt of an EOP or 
an ABORT sets RSR{6]. 


4. Receipt of a turnaround sequence (eight 
contiguous zeros) terminates the transmit- 
ter operation, if any, and returns the TxD 
output to echoing the RxD input. RSR{3] 
is set if a turnaround is received. 

See transmitter operation for additional details. 
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SUMMARY OF COP FEATURES 


COP Dual SYN Mode 


SYN detect SYN1-SYN2 
Linefill SYN1-SYN2 


SYN stripping SYN1-SYN2 used to establish character sync, i.e., leading SYNs. Subsequent to this (after receiving 
first non-SYN character), SYN1 and SYN1-SYN2 if stripping is specified by RPR[7]. 


Excluded form FCS** SYN1 and SYN1-SYN2 before beginning of message, i.e., leading SYNs and, if SYN stripping is speci- 
fied by RPR[7] anywhere else in the message for the Rx; linefill SYN1-SYN2 for Tx regardless of 
RPR{7]. (If SYN stripping is not specified, then SYNs within a message will be included in FCS by Rx.) 


BISYNC normal mode 
SYN detect SYN1-SYN2 
Linefill FYN1-SYN2 


SYN stripping SYN1-SYN2 used to establish character sync, i.e., leading SYNs. Subsequent to this (after receiving 
first non-SYN character), SYN1 and SYN1-SYN2 if stripping is specified by RPR[7]. 





Excluded from FCS All SYNs either before or within a message, regardless of RPR[7], plus additional characters as required 
by the protocol. 


BISYNC transparent mode 


SYN detect “DLE-SYN1 


Linefill “DLE-SYN1 
SYN/DLE stripping *DLE-SYN1 and odd DLEs if stripping is specified by RPR[7]. 
Excluded from FCS *DLE-SYN1 and odd DLEs, regardless of RPR[7] plus additional characters as required by the protocol. 


COP single SYN mode 


SYN detect SYN1 
Linefill SYN1 


SYN stripping SYN1 used to establish character sync, i.e., leading SYNs. Subsequent to this, SYN1 if stripping is 
specified by RPR[7]. 


Excluded from FCS** SYN1 before beginning of message, i.e., leading SYNs, and if SYN stripping is specified by RPR[7], 
anywhere else in the message for the Rx; linefill SYN1 for Tx regardless of RPR[7]. (If SYN stripping is 
not specified, then SYNs within a message will be included in FCS by Rx.) 


NOTES: 

7 DLE indicates last DLE of an odd number of consecutive DLEs. 

** In non-BISYNC COP modes (single or dual SYN case), if SYN stripping is off, i.e., RPR[7] = 0, then SYNs within a message will be in- 
cluded in FCS by receiver. Therefore, the remote DUSCC transmitter should be careful not to let the TxFIFO underrun since the linefill 
SYN characters are not accumulated in FCS by the transmitter regardless of RPR[7]. Letting the TxFIFO underrun will result ina CRC 
error in the receiver. oO 


RESETN 


Figure 12. Reset Timing 
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DTACKN 


Figure 13. Bus Timing (Read Cycle) 


X1/CLK | | | | | | | | | | | | | | | | 
DTACKN \ 


COMMAND 
VALID 


Figure 14. Command Timing 
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DTACKN 


@) 
~ 


Figure 15. Bus Timing (Write Cycle) 


DTACKN 





Figure 16. Interrupt Cycle Timing 
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GPIIN 
AND/OR GPI2N 


GPO1N 
AND/OR GPO2N OLD DATA a. NEW DATA 


Figure 17. Port Timing 


‘Figure 18. Interrupt Timing 


C1 = C2: 0-5pF + (STRAY < 5pF) 


DRIVING FROM 
EXTERNAL 
SOURCE 


+5V 


X1/CLK 
CTCLK 
RxC 
TxC 


14.7456 MHz 


CRYSTAL SERIES RESISTANCE3 SHOULD 
BE LESS THAN 1802 


Figure 19. Clock Timing 
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1 BIT TIME 
(1 OR 16 CLOCKS) 


TxC, 
(1X OUTPUT) 


Figure 20. Transmit Timing 


SYNOUT \ 


RxC (1x) 
INPUT 


Figure 21. Receive Timing 


IACKN 


Figure 22. Interrupt Daisy Chain Timing 
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TxDAKN 


RDYN 
(DTACKN) 


DONEN 
(INPUT) 


TxDRON 


DONEN 
(OUTPUT) 


RTxDAKN 


RDYN 
(DTACKN) 


DONEN 
(OUTPUT) 


RTxDRQN 


<—>1- (33) 





Figure 24. DMA Receiver Read Timing — Single Address DMA Mode 
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DONEN 
(OUTPUT) 


DTACKN 


DONEN 
(INPUT) 


42) 


TxDRQN 


TRANSMIT DUAL ADDRESS DMA MODE 


DONEN (OUTPUT) y 
(EOM) 


(44) 


RTxDRQN 





Figure 25. Dual Address DMA Mode Timing 
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DESCRIPTION FEATURES PIN CONFIGURATION — 
The Signetics SC26C460 I/O Processor e32channel DMA processor 
(IOP) is a 32-channel Direct Memory 
Access (DMA) processor that functions 
with external peripheral devices. The 
external peripheral devices used with @ Separate I/O device address for each 
the IOP do not have to be designed | channel 

specifically for DMA use. The IOP is 
especially desirable for use with 
multi-channel peripherals such as the 
Signetics 2698 OCTART. ¢ Programmable to handle virtually all 


types of peripherals 
The SC26C460 stores and fetches di c P 
binary data with the least significant byte | ® Custom instruction set 
at the lowest-addressed memory or I/O © Can interpret peripheral status for 
location. This arrangement is similar to channel selection, error checking 
the Intel processors. 


© Separate memory address and length 
for each channel 


® Separate channel program entry point - 
for each channel 


3 
5 


Function 
. A2t 


© Can interpret data characters for 
buffer termination checking, control 
sequence transformation 


@ 8- or 16-bit data transfers 


WOBNDNhON— 


© 24-bit memory addresses: 16Mbyte 
address space | | 


@ 2-level interrupt queue minimizes host 
microprocessor overhead 


@ High-speed CMOS technology 
® 68-pin PLCC 


BCLK 
RESETNP 
Voc 





54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 


348 


Philips Components—Signetics Data Communication Products Preliminary Specification 





I/O Processor (IOP) | SC26C460 





ORDERING INFORMATION 


PACKAGE Voc = 5V + 10%, Ta = 0°C to 70°C 
Plastic PLCC SC26C460A68 


BLOCK DIAGRAM 


SEQUENCER 


INTERNAL RAM: 
MEMORY ADDRESS TABLE 
MEMORY COUNT TABLE 
. DEVICE ADDRESS TABLE 
PROGRAM COUNTER TABLE 


BUS 7 INTERRUPT QUEUE 
INTERFACE INSTRUCTION LATCH/ BYTE STORE TABLE 
DecTab DECODER 
WORD 


CHAN 
REGISTER 


REGISTERS: 


PC 
CHAR REQUEST 
DecTab BASE LOGIC 
PROG BASE 
BCLK ———_> INTW INDICES 0, 1 


INTR INDICES 0, 1 
RESETNP ———> INT CHANNEL 





PIN DESCRIPTION 


MNEMONIC | PINNO. | TYPE NAME AND FUNCTION 
i 


RQ4N—RQON Request Lines: A set of active-low inputs from external peripheral devices handled by the !OP. Typically, 
these will be the “interrupt request” lines from the peripherals. If there are 5 peripheral lines or less, they 
can be directly connected to these pins. Otherwise, the lines must be externally encoded. The IOP inter- 
prets the “all high” state on these lines as “no request”. These input request lines are internally synchro- 
nized. When the IOP is idle, and it detects the stable active state on these lines on two consecutive falling 
edges of BCLK, it begins activity for the indicated channel. 


Chip Select: An active-low input indicating that the host MPU is trying to access a register or RAM location 
on the IOP. CSN is not asserted until all of the signals, AB-A1, DHIEN, DLOEN, and RWC are valid (this 
eliminates signalling differences among host MPUs). This, in turn, implies that in a system in which lOP 
has its own “local bus”, CSN should be qualified with LBGN. 


Address Lines: When the JOP is a bus master, these lines carry the address to be accessed, which may 
be in memory or in a peripheral device. When the IOP is a bus slave, A8—A1 selects an internal location 
in the IOP to be read or written by the host MPU. 
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PIN DESCRIPTION (Continued) 


MNEMONIC i a: NAME AND FUNCTION 


Bidirectional Data Bus: 16-bit data bus for the IOP, memory, peripherals, and the host MPU. 


Memory/Input-Output Control: When the IOP is a bus master, this tri-state output is driven high to indi- 
cate an access to memory, and low to indicate an access to a peripheral device. MIO has the same timing 
as A23—A1. When the IOP is a bus slave, this output is tri-stated. 


| Address Strobe: When the IOP is bus master, this is an output indicating that a transfer cycle isin progress 
on the bus, and, in particular, that a valid address has been placed on A23—A1. This signal is not driven 
at other times. 


Data High/Low Enable: When the IOP is a bus master, theses pins are outputs. DHIEN low in a master 
read cycle indicates that the memory or peripheral selected by A23—A1 should read a byte and place its 
contents on D15—D8, while DLOEN low has the same meaning for the D7—D0O lines. In a master write cycle, 
DHIEN (DLOEN) low indicates that the |OP has placed valid data on D15—D8 (D7—DO), and that the 
memory or peripheral selected by A23—A1 should write the data into the appropriate byte(s). When both 
signals are low in a master cycle, a 16-bit word should be transferred. When the IOP is not a bus master, 
these lines are inputs from the host MPU. These two signals are internally ANDed. Either signal goes active, 
along with CSN active, will cause the IOP to be accessed. 


Read/Write Control: When the IOP is a bus master, this output controls the direction of data transfer on 
D15—D0. On the IOP, this signal is high for a write and low for aread. and corresponds to W/R on the 80386 
and to ST on the 80286. When the !OP is not the current bus master, RWC is an input from the host MPU, 
with the same meaning. 


Data Acknowledge: When the IOP is a bus master, this is an input signal from memory and peripherals, 
acknowledging that the requested bus transfer has been completed. When the IOP js a bus slave, this is 
an open-drain output to the host MPU, with the same meaning. This signal corresponds to READY on the 
80236 and 80386. 


Bus Request: An active-low totem-pole output to the host MPU or other bus arbiter, requesting the use 
of the MPU bus. It must be inverted to produce HOLD in an “Intel” system. BRN is not open-drain because 
if the host MPU is the arbiter and the IOP is the only other master, a totem-pole output eliminates the need 
for a pull-up resistor. Also, if there are other masters contending with the IOP for bus grants, the arbitration 
mechanism needs a separate request signal from each master to decide which one is to receive each grant. 


Bus Grant: An active-low input from the host MPU or other arbiter, granting use of the MPU bus to the IOP. 
If there are no bus masters other than the IOP and host MPU, BGN can be inverted from the HLDA output 
of an Intel processor. 


Local Bus Request: An active-low input used in systems in which the MPU and IOP have separate buses, 
whereby the MPU can request access to the use of resources on the IOP's bus, including the IOP itself. 
It should be wired to a logic high in a system in which the MPU and IOP share the same bus. First MPU 
access to the IOP without asserting this signal will lock the IOP in one bus mode until reset. 


Local Bus Grant: LBGN is an active-low output by means of which the IOP responds to LBRN, and grants 
the host MPU access to resources on the IOP’s bus. 


Interrupt Request: An active-low open-drain output to the host MPU, indicating that a channel program 
has requested an interrupt for one or more of the IOP channels. It must be inverted in an Intel style system. 
It requires an external pull-up resistor. 


Interrupt Acknowledge: An active-low input indicating the the host MPU is acknowledging the interrupt 
requested by IRQN. The IOP responds to the assertion of this signal by placing an interrupt vector on 
D7—DO, asserting DTACKN, and releasing IRQN if there is no further interrupt comets for any channel. 


BCLK Bus Clock: The clock signal for the IOP. 


RESETNP Master Reset: Active-low reset for the IOP. Must be asserted at power-up; may be asserted at other times | 
the system is to be reset and restarted. 


Voc , 54, Power 


Vss , 25, Ground 
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FUNCTIONAL DESCRIPTION 

Note that parenthesis around the name of a 
register or RAMlocation indicates “the contents 
of”. The name of a RAM table, followed by the 
name of a register in brackets, indicates the lo- 
cation in the RAM table which is selected by in- 
dexing into it using the contents of the register 
as the index (e.g. PCT[CHAN)). 


Programming Model 

Figure 1 shows the IOP register map as it ap- 
pears to the host microprocessor. The individu- 
al registers and RAMs in the map are described 
in the following sections. All registers/RAM lo- 
cation must be accessed in word. 


Decision Table Base Register 
(DTBR) 

This 11-bit register provides the high-order ad- 
dress bits when a decision table is read. The 
|OP can use up to 16 decision tables, each hav- 
ing 256 words (512 bytes). Decision tables re- 
side in external memory thatis 16 x 512 (8192) 
bytes size. 


Program Counter Base Register 


(PCBR) 

This 13-bit register provides the high-order ad- 
dress bits when fetching instructions from a 
channel program. All channel programs used 
by the IOP must reside in external memory that 
is 1024 words (2048 bytes) size. 


Memory Address Table (MAT) 

MAT is an on-chip RAM containing memory ad- 
dresses. There is one 24-bit entry for each 
channel. In addition, in 2 bus systems in which 
the IOP has its own local bus separate from the 
host processor's bus, the bit position that would 
correspond to A31 is used to indicate whether 
the memory location in question Is on the local 
bus or the system bus. Thus, the MAT is com- 
posed of 32 x 25 (800) bits of on-chip RAM. 


Memory Count Table (MCT) 

MCT is an on-chip RAM containing 14-bit 
length counts for the memory areas addressed 
by MAT, plus two bits defining whether 8- or 
16-bit transfers should be done for the device 
and memory, respectively. There is one 16-bit 
entry for each channel. The MCT is composed 
of 32 x 16 (512) bits of on-chip RAM. 


CENTRAL CONTROL REGISTERS 


RESERVED 


MCT[0] 


MCT[31] 


MAT(O] Hi AD WORD 


MAT[31] Hi AD WORD 


DAT[0] LO AD WORD 
DAT[O] HI AD WORD 


DAT[31} Hi AD WORD 


NOTES: 


“Host MPU software typically does not need to access to these registers/RAM locations. 
E J = Not implemented for writing and are read back as zeros. 
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Figure 1. |OP Register Map 
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The two most significant bits of the words that 
the host processor writes and reads for MCT 
are flags defining whether the peripheral device 
for this channel has a data width of 8- or 16-bits, 
and whether data should be packed or un- 
packed between the device and the memory, as 
follows: 


00 Byte device, byte memory transfers 
01 Byte device, word memory transfers 
10 Not allowed 

11 Word device, word memory transfers 


The packing feature can significantly decrease 
the traffic generated by the IOP on the host pro- 
cessor’s bus, as described further in a subse- 
quent section. 


Device Address Table (DAT) 

DAT is an on-chip RAM containing the address 
of each channel's device. There is one 24-bit 
entry for each channel. In addition, in systems 
in which the lOP has its own local bus separate 
from the host processor's bus, the bit position 
thatwould correspond to A31 is used to indicate 
whether the peripheral device in question is on 
the local bus or the system bus. The DAT is 
composedof 32 x 25 (800) bits of on-chip RAM. 


WORD ADDR 


LO ADDR 
Hi ADDR 
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- Program Counter Table (PCT) 

PCT is an on-chip RAM containing the location 
of the first instruction for each channel, The 
contents of a PCT entry are used relative to 
(concatenated below) the contents of PCBR. 
The PCT is composed of 32 x 10 (320) bits of 
on-chip RAM. 


Byte Store Table (BST) 

BSTis an on-chip RAM that can store one'data 
byte and one flag bit (BSTO flag) for each chan- 
nel. This facility provides the packing and un- 
packing between a 16-bit memory and an 8-bit 
device. 


CHAN Register 

This 5-bit register is used as an index into MAT, 
MCT, DAT, and BST. When service is started for 
a channel, CHAN is loaded with a number 
derived from the requestlogic, and the contents 
of PCT[CHAN] becomes the starting point for 
execution. CHAN can thereafter be modified by 
the INTERP instruction. 


TCHAN Register | 
This internal register is similar to CHAN and is 
used by the LDPCT and RELOAD instructions. 


CTRL Register 

This register is programmable by the host pro- 
cessor to control the basic operation of the IOP. 
Its contents are discussed in a later section. 


CHAR Register 

This 8-bit register is a temporary store for char- 
acters in transit between a device and memory, 
or for a status value from a device. 


SVCHAR, SVBST Registers 


These internal registers function as stores. 
They are accessible by some instructions. 


Force/Status Register 
ToT ene] 


11 9 5 
If the host MPU write this register with F = 1, the 
lOP will respond by executing instructions 
starting at the address in the PCT entry se- 
lected by the channel number written into the 5 
low order bits of this register. It is done as if a 
request was asserted for the channel number. 
Writing this register with F = 0 will update pre- 
vious writing with F = 1, if the forced request 
has not yet been revised. 


If the IOP is already executing a channel pro- 
gram (or has already made an internal decision 
to do so) when the host MPU writes this register 

with F = 1, response will be delayed until after 
the channel program has ended. In any case, 
service for the channel written into this register 
has priority over starting new service in re- 
sponse to the RQn lines. 
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When the IOP begins service for the channel, 
itclears the F flag. If there is any possibility that 
the host MPU software might want to write 
another channel number for this register, before 
service for a previously written channel could 
be started, then the software must read this reg- 
ister and check for F = 0, before writing F = 1 
and the new channel number. 


Bit 14 of this register must be programmed with 
0. 


The Interrupt FIFO 

The FIFO is used to maintain aninterrupt queue 
for the host MPU. It includes 32 entries of 13 
bits each, and can be programmed in the CTRL 
register to function as a single FIFO with 32 en- 
tries, or it can be divided into two FIFOs with 16 
entries each, corresponding to two levels of in- 
terrupt priority. 


INTCHN Register 

INTCHN is a 5-bit read only register accessible 
to the host MPU, from which the number of the 
current (most recent) interrupting channel can 
be read. See description of the INT instruction. 


INTRD 


This read only register is an interrupt polling ~ 


register. Itcan be read by MPU software at the 
end of servicing an IOP interrupt, to determine 
whether another interrupt is pending. The data 
read has the following format. 


5 


1 2 8 


If V bitis 1, the other two fields are valid and are 
supplied from the interrupt FIFO. INTRD is also 
used for device testing. 


INTWO, INTW1 

These two write-only registers are used for de- 
vice testing, and allow entries to be written into 
the interrupt FIFO. Both register locations have 
the format: 


mae INTCHN VECTOR 


3 § 8 


If the nL bitin the CTRL register is 0, indicating 
a signal-level interrupt queue, writing either 
register places the data in the 32-entry FIFO. lf 
the nL. bit is 1, writing INTWO puts data in the 
lower-priority FIFO and writing INTW1 puts 
data in the higher-priority FIFO. 


TOCTRL 


This register control the {OP's bus time-out log- 
ic, and has the following format: 


aaa TIMEOUT VECTOR 


5 3 8 


The TIMEOUT field controls how long the IOP 
will wait for a DACKN response when it is run- 
ning a bus cycle. If this time is exceeded, the 
IOP places the current channel number and the 
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VECTOR field in the interrupt FIFO, as ifan INT 
instruction had been executed. See Bus Time- 
out for further details. 


UNRQ 

This register is used to specify how many clock 
cycles the }OP would have to wait after finish 
servicing a channel and the external RQns 
show the same channel is still requesting for 
service. The register has the following format: 


5 

The “count’ field is the binary number of clocks 
the IOP waits. The time programmed. in the reg- 
ister allows slow peripherals the time to clear its 
interrupt condition. If the request inputs RQns 
remain the same after the count expires, the 
IOP would service the channel again. 


If the RQns change before the count expires 
(either during the count or before the count be- 
gins), the count will be stopped and the IOP will 
immediately service the new channel (or idle if 
all RQns go to 1's). 


Programming this register with count = 0 
means the IOP will not wait after the current 
channel service is completed. Itis up to the user 
to make sure that any “request clearing” se- 
quence performed by the IOP will not extend 
beyond the end of the channel service. 


Channel Reloading 

The instruction set discussed in a later section 
provides a means for a channel program for a 
peripheral device to interrupt the host proces- 
sor when an \/O buffer area in memory has 
been “exhausted”. Such exhaustion may occur 


~ in one of two ways: If the byte count for the I/O 


buffer is decremented to zero, or if a status or 
data byte’s value indicates that the buffer 
should be (prematurely) terminated. 


If an I/O buffer is exhausted, but the peripheral 
device has or will have more data to transfer for 
this channel, then the MAT and MCT entries 
(the memory address and byte count) for each 
channelhave to be reloaded before further data 
canbe transferred. Such reloading can occur in 
one of two ways: 

1. By means of the processor responding to the 
interrupt and directly rewriting the MAT and 
MCT entries in the lOP. This approach is 
suitable for situations in which the proces- 
sor responds to an interrupt fast enough to 
satisfy the needs of the peripheral, namely 


a. Ifthe peripheral device is not subject to “un- 


derrun” or “overrun” conditions based on 
the response time. For example, an 
asynchronized comm line meets this criteri- 
on with respect to output, but not with re- 
spect to input. A synchronous comm line 
does not met this criterion in either direction. 
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b. Or, if the data rate is slow enough, and/or 
the device contains sufficient data buffer- 
ing, to guarantee that the processor's inter- 
rupt response time will be fast enough to 
prevent underrun or overrun. for example, 
a 300 baud comm line might meet this crite- 
rion but a 19,200 baud line might not. 


2. For a peripheral channel that needs faster 
reloading than the host processor guaran- 
tees to provide, the lOP can automatically 
reload the next buffer address and count. To 
do this, two of the l|OP’s channel are dedi- 
cated to the peripheral channel; one of them 
handles the peripheral data, while the sec- 
ondis used to reload addresses and counts 
for the first channel. Only 16 peripheral 
channels of this type can be handled by one 
IOP. 


A peripheral channel, for which reloading can 
be handled by host processor interrupt re- 
sponse, requires only one IOP channel; thus, 
32 such peripheral channels can be handled by 
a single [OP. 


Single and Dual Bus Applications 
Applications of the IOP can be divided into two 
major categories called single and dual bus. In 
the single bus application shown in Figure 2, 
the IOP is on the same bus as the host proces- 
sor, and must request and be granted the bus 


HOST MPU 
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control before it can perform any bus cycle. This 
is a simple and low cost type of application, but 
does not yield the highest possible JOP per- 
formance. 


Dual bus systems have the structure shown in 
Figure 3. Here, the IOP has its own local bus, 
on which resides the memory that contains 
channel programs and decision tables, and on 
which may also reside !/O buffers and/or pe- 
ripheral devices. A set of hardware transceiv- 
ers forms the interface between the IOP’s local 
bus and the host processor's bus or an inter- 
board backplane bus. 


The transceivers are under the control of the 
bus grant signal (BGN), by which the outside 
world grants use of the system bus to the IOP, 
and the local bus grant signal (LBGN), by which 
the IOP grants the host processor or other mas- 
ter use of the local bus. After a reset, the |OP 
detects that it is in a dual-bus system if/when 
LBRN goes low. 


In atwo-bus system, the IOP monitors the state 
of the LBRNinput continuously. When it detects 
an LBRN asserted, it tri-states its bus signals 
and then asserts LBGN. This occurs immedi- 
ately if the |OP is not performing a cycle on the 
local bus. 

In a dual bus system, the |OP does not assert 


BRN, nor does it wait for BGN for memory ac- 
cesses for instruction or decision table fetching. 





Figure 2. Single Bus JOP System 
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These are assumed to be on the local bus. It 
may assert BRN andwait for BGN before an ac- 
cess to adata bufferin memory or to a peripher- 
al device, depending on the state of the MSB 
("A31” position) of the MAT or DAT entry for the 
channel, respectively. 


If the bit that would correspond to A31 of the 
MAT or DAT entry has been set to 1 by MPU 
software, or a RELOAD instruction, the 1OP 
does not assert BRN, nor does it wait for BGN. 
If the bit is cleared to 0, the |OP asserts BRN 
and waits for the MPU to return BGN low before 
proceeding to drive ASN low. While the !OP is 
waiting for BGN, it remains sensitive to the 
LBRN input. If LBRN goes low, the IOP defers 
the bus cycle, tri-states A23—A1 and the other 
bus control pins, and responds with LBGN low. 
When the cycle is completed and LBRN is re- 
leased, the JOP reruns its bus cycle. This fea- 
ture prevents a system deadlock if the IOP and 
MPU both request access toresources oneach 
other's buses. 


Dual bus applications tend towards higher per- 
formance by allowing the [OP to perform most 
of its bus cycles without stopping host proces- 
sor execution, or without using the system’s 
backplane bus. However, in this case the host 
processor must request control of the local bus 
inorder to access memory or peripherals on the 
local bus, or to access IOP registers/RAM. 


MEMORY: 
HOST PROGRAMS 
HOST DATA 
JOP CHANNEL PRO- 
GRAMS 
IOP DECISION 
TABLES 
VO BUFFERS 
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Byte Ordering 

The 16-bit reads and writes are performed so 
that the more significant part of the value is tak- 
en from or placed on D15—D8 and the least sig- 
nificant part on D7—DO. For a byte read in 
master mode, data is taken from D15—D8 or 
D7-—D0 depending on the state of AO, as shown 
in Table 1. Note that a byte written in master 
mode follows the same convention. 


The MPU must access IOP register and 
memory locations as 16-bit words. 

The IOP on-chip memories that are more than 
16-bits wide (MAT and DAT) are accessed by 


the MPU by means of two consecutive 16-bit. 


addresses, Table 1 also shows the relationship 
between the two parts of the MAT or DAT loca- 
tion and the state of the A1 line for the IOP. 


Table 1. 






For a Byte Cycle With: IOP Takes Data From: . 
D7-DO | A1=0 
| os D15-D8_ Ai=1 


8-Bit Peripheral Attachment for the IOP 


AO=0 
AO =1 





Table 2. 


If an 8-Bit Peripheral is Con- 
nected to: 


‘Then the IOP addresses the pe- 
ripheral with: 


HOST BUS 


1OP BUS 





Figure 3. Two Bus IOP System 


Interfacing an 8-Bit Peripheral 

to a 16-Bit Bus 

8-bit peripherals can be interfaced to the |OP’s 

16-bit data bus in one of two ways: 

1. An 8-bit peripheral can be connected to one 
of the two halves of the data bus, and its 
AO-An inputs can be connected to the A1 — 
A <n + 1> lines of the bus. 


In this case, the peripheral appears to host 
software and IOP channel programs as oc- 
cupying every other byte within its address 
range. The relationship between AO, and 
the data lines to which the peripheral is con- 
nected is as shown in Table 2. This method 
has the advantage of hardware simplicity 
but the disadvantage is that the 6-bit “device 


Byte and Word Ordering for |OP 
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HOST MEMORY: 
HOST PRO- 
GRAMS 
HOST DATA 
VO BUFFERS 


1OP MEMORY: 
CHANNEL PRO- 
GRAMS 
DECISION TABLES 
/O BUFFERS 


displacement” values in the IOP instruc- 
tions can only span 32 register bytes. 


2. Or, aperipheral's 8-bit bus can be interfaced 
to the 16-bit data bus using two octal trans- 
ceivers, and its AO—An inputs can be con- 
nected to the AO—An lines on the bus (if AO 
exists, otherwise A1—An signals). In this 
case, the peripheral appears to the host 
software or |OP channel program as acon- 
tiguous set of bytes as described in its data 
sheet. 6-bit “device displacement” values in 
the IOP instructions can span 64 byte loca- 
tion. 


In this case, one of the two transceivers is 
enabled according to AO (see Table 2). 


For a Word Cycle With: IOP Accesses: 


LS 16 bits (bits 15-0) 
MS 16 bits (bits 31-16) 


lf an 8-Bit Peripheral is Con- 


With: 


Odd addresses 
Even addresses 


8- and 16-Bit Devices 


and Memories 

The IOP requires a 16 (or 32) bit memory for its 
channel programs and decision tables, but can 
transfer data to and from memory either 8 or 16 
bits ata time. It can also handle peripheral de- 
_ Vices that transfer 8 or 16 bits of data at a time. 
the only exception to this facility is that only 8 
bits of data can be interpreted at a time using 
a decision table. Several types of transfer se- 
quences are possible during INPUT and OUT- 
PUT instructions. 
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1. 8-bit device, 8-bit memory transfers. Each 
byte is read‘ from the source (device or 
memory), placed in the CHAR register, op- 
tionally interpreted through a decision table. 
and then written to the destination (memory 
or device). 


2. 16-bit device, 16-bit memory transfers. Each 
16-bit word is read from the source, placed 
in CHAR and the BST entry for the channel, 
and then written to the destination. Either 


one of the two bytes in the wordcanbe inter- 
preted as part of the INPUT or OUTPUT 
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nected to Both Halves of the 
_Data Bus, then for a Cycle 


Intel System Enables the Trans- 
ceivers on: 


D7-DO 
D15—D8 


command. If both bytes need to be inter- 
preted, multiple instructions are needed. 


3. 8-bit device. 16-bit memory transfers, IN-. 
PUT instruction. In general, bytes destined 
for even-addressed memory locations are 
stored in the byte store table until the byte 
for the following odd-addressed location is 
available from the device. The composite 
16-bit word is then written to memory. Each 
byte can be interpreted just after being read 
from the device. 
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. 8-bit device, 16-bit memory transfers, OUT- 
PUT instruction. In general, 16-bit words 
are read from memory. Each word's even- 
addressed byte is immediately sent to the 
device, while the odd-addressed byte is 
savedinthe BST until the device is ready for 
it. Each byte can be interpreted just before 
itis sent to the device. 


The BST and BSTO flags are included in the 
IOP to allow it to handle cases 3 and 4 above. 
While this adds on-chip RAM, operation in this 
mode is advantageous because it reduces the 
total number of cycles used on the bus. 


CTRL Register 

This register is programmable by the host pro- 
cessor to control the basic operation of the IOP 
(See Figure 4). Note that the contents of the 
CTRL register represents system-level con- 
stants that are intended to be programmed 
once, at system initialization time. The only bit 
that can be re-programmed thereafter is dE. 


Bus Time-Out Facility 

Whenever the IOP is accessing external 
memory or peripheral, it waits for DACKN to be 
asserted. In case of certain system malfunc- 
tions, this response may never occur. There- 
fore, the IOP includes a time-out counter that 
operates whenever itis waiting for DACKN (but 
not when it is waiting for BGN). The time-out 
field of the TOCTRL register should be pro- 
grammed to the host MPU before the IOP oper- 
ation is enabled, to reflect a time-out longer 
than the longest valid DACKN response time 
thatis possible in the system. The IOP will wait 
for DACKN for 2'+” CLK periods, where tis the 
value of the 3-bit time-out field. Thus, a time-out 
field value of O will cause the IOP to wait up to 
128 CLK periods. A 1 designates waiting 256 
CLK periods, and so forth through the maxi- 
mum time-out value of 7 which will cause the 
IOP to wait up to 16,384 CLK periods. Ata CLK 
frequency of 16MHz, these correspond to a 
range of 8 microseconds to 1 millisecond. 


If the time-out value is exceeded, the IOP inter- 
nally simulates an INT instruction, using the 
higher priority level if there are two levels, using 
the vector field of the TOCTRL register as the 
vector value. Thus, it asserts the IRQN pin if it 
had not been asserted previously. After doing 
this, it clears the dE bit in the CTRL register so 
thatitno longer responds to any further request 
signals. The vector from TOCTRL should 
cause the host MPU to investigate the problem 
and take appropriate corrective action. 
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Typical Execution 

The next section describes the IOP instruc- 

tions. For the instructions, the following general 

rules apply for channel program execution. 

1. A peripheral device asserts its “interrupt re- 
quest” output. This signal is either directly 
connected to one of the |OP’s RQn inputs, 
or is encoded externally to make the value 
on RQ4—RQ0. 


2. The request is serviced when no higher- 
priority peripheral is making a request. 


3. The IOP begins service for this peripheral 
by transferring the encoded channel num- 
ber to the CHAN and TCHAN registers, and 
then loads the value in the corresponding 
entry from the PCT RAM into its program 
counter (PC). It then executes the “channel 
program” that starts at the location in exter- 
nal memory. 


Note that the PCT entry for a channel is ini- 
tially loaded by the host MPU, and can be 
changed by a channel program thereafter, 
in response to changing status of the pe- 
ripheral device. 


4. Achannel program will typically start with an 
INTERP instruction that reads a status reg- 
ister on the peripheral and then uses the 
Status byte as an index to read a word from 
a “decision table” in memory. 


5. The contents of the word from the decision 
table may cause the IOP to do either, both, 
or neither of two things: change (add to) the 
value in the CHAN register, and/or branch, 
i.e. reload the PC with a value in the deci- 
sion table word or from PCT [new CHAN]. 


The two actions above correspond to the 
kinds of information that a peripheral status 

_ byte may convey: in a multi-channel periph- 
eral device, it identifies which channel 
needs service, and/or it identifies any ex- 
ceptionalconditions (e.g. errors) involved in 
its “interrupt request”. 


For example, in a peripheral with separate 
input and output channels, the decision 
table words corresponding to an “output re- 
quest” might be coded to add 2 to (CHAN) 
and branch, while those corresponding to 
an “input request” might do neither of those 
things. 
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Note that a priority between such input and 
output channels is determined by coding of 
words corresponding to “both requests”. 
Also that while the decision table mecha- 
nism might be considered wasteful in 
memory, it improves performance by pro- 
cessing a whole status bye “in parallel” to 
make a decision that an MPU interrupt ser- 
vice routine might make by means of a se- 
ries of “bit test” and “branch” instructions. 


6. With some peripheral devices, several sta- 
tus registers may have to be read to deter- 
mine what is to be done. For example, with 
the 2698 each DUART has an individual in- 
terrupt request line, but within each one, 
each UART has its own status register. In 
such cases, the channel program might be- 
gin with several consecutive INTERP in- 
structions, one for each status register. The 
decision table words could be set up to: 


a. ifthe status register value indicates there is 
something to be done, branch to a routine 
to do it, or 


b. if there is nothing to be done, increment 
CHAN to the value that corresponds to the 
next status register, and don't branch. 


7. After the INTERP instruction(s) have routed 

' control to the appropriate branch of the 

channel program based on the peripheral 

status, a branch that transfers data will use 

an INPUT or OUTPUT instruction to trans- 

fer data between memory and (one of) the 
peripheral's data register(s). 


8. INPUT and OUTPUT instructions can also 
use the decision table structure, for applica- 
tions in which data byte values affect what 
is tobe done. For example, in receiving from 
a datacomm line, reception of a carriage re- 
turn (CR) character might mean that the 
current input buffer in memory is “complete” 
and that the host MPU should be notified. 


Decision table processing for INPUT and 
OUTPUT instructions is slightly different 
from that for INTERP. As with INTERP, cer- 
tain data characters can cause a branch, 
but instead of CHAN adjustment, decision 
table words for data are coded to control 
whether the byte is transferred to the desti- 
nation (to memory for INPUT, to the device 
for OUTPUT). 


ot 
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This bit enable the overall operation of the IOP. if it is zero, the OP ignores the RQn lines. dE resets to zero; host MPU 
software should set up the various registers and RAM locations in the |OP before programming this bit to 1. 


This bit indicates how the RQ lines are interpreted by the IOP and how the starting CHAN value for service is derived from 
them. If the request code on RQ4—RQO is externally encoded, then rE should be programmed to 0, in which case the IOP 
treats the RQn lines as carrying a channel number. If (5 or less) devices “interrupt request” signals are directly connected 
to the RQ lines, then rE should be programmed to 1, in which case the IOP encodes the state of RQ4—RQ0 to obtain a 
channel number. in this encoding, RQ4 has the highest priority and RQO the lowest. A table in the eae logic section 
indicates the starting CHAN value for each of the five devices (RQ lines) when rE is 1. 
Max On, Min Off These fields are used only in single-bus applications. Max On controls the maximum length of time the IOP will retain control 
of the bus after being granted it, while Min Off controls the length of time for which the IOP will refrain from requesting the 
bus again, after it has given it up. Together, these two values constitute a “throttle” contro! on how much of the overall bus 
bandwidth an {OP will use. These times are measured in terms of the CLK input divided by 4. Max On = 0 indicates that 
the IOP will run only one bus cycle per grant. Note that in dual-bus application, the IOP will aways give up control of the 
system bus after using it for one cycle, so that these values do not apply. 


UPri assigns the starting channel number for each RQn input in the internal encoded mode (rE = 1). In this assignment, 
the lower the starting channel, the higher the priority. The effect of UPri on starting channel numbers is as follows: 


<t—— STARTING CHANNEL NUMBER ——> 
INTERNALLY ENCODED RQ's 


This bit controls how the interrupt FIFO is configured. If nL is 0, itis treated as a single FIFO of 32 entries, which are all 
at the same level of priority. If nL is 1, it is divided into 2 FIFOs each having 16 entries, representing two priority levels. 





Figure 4. CTRL Register 


9. AnINPUT and OUTPUT instruction will typi- 
cally be written so that it ends servicing for 
the channel unless a decision table causes 

_abranch, or the byte count for the I/O buffer 
in memory is decremented to zero. 


10. When an I/O buffer is completed, the chan- 
nel program will typically interrupt the host 
MPU. Such interrupts are stored in a queue 
on the IOP, so that the host MPU is inter- 
rupted once for each time any IOP channel 
program posts an interrupt. 


11. In addition to interrupting the host when an 
\/O buffer is completed, the channel pro- 
gram can either use a RELOAD instruction 
to get another I/O buffer from a circular list 
of such buffers, or send a command byte to 
the device to tell it to stop asserting its “inter- 
rupt request” line for this channel, until the 
host MPU responds to the interrupt posted 
by the channel program. 
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INSTRUCTION SET 

INTERP 

[oo [a bectabe [S| devon | 
4 1 4 1 6 


This instruction is used fro examining status by- 
tes and similar data. 
1. If devdisp is not “all ones”, data is read from 
an external device at the address formed as 
. follows: 


A23-0 (DAT[CHAN] XOR devdisp 


Bit 15 of MCT[CHAN] determines the size 
of data read from the device: 


a. If this bit indicates a 16-bit peripheral, a 
word is read from the device. The units bit 
of the address has no effect on the cycle 
with the device, but rather serves to identify 
which byte of the word is interpreted. The 
byte selected by the units bit of the address 
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. Ifdevdisp 


is placed in CHAR and the other byte is 
placed in BST[CHAN]. The units bit of the 


address is saved in the internal SVAO flag 


in case the word needs to be reconstituted 
later. 


If the S bit of the instructionis 1,the selected 
byte is also stored in the internal SVCHAR 
register, and the other byte is stored in the 
internal SVBST register, for later retrieval 
and reinterpretation. 


IF bit 15 of MCT[CHAN] indicates an 8-bit . 
peripheral, a byte is read and placed in 
CHAR. If the S bit of the instruction is 1, the 
byte is also stored in the SVCHAR register, 
for later retrieval and reinterpretation. 


= allones, (CHAR) from apre- 
vious instruction is used in the following 
steps, and the S bit of the instruction hast no 
effect. 
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3. A word is read from a decision table at the 
address formed as follows: 


A23-13: (DTBR) 


A12-9: DecTab# 
A8-1 (CHAR) 
AO: O for word access. 


This word is interpreted as follows: 


[a beta chan 


1 5 10 
Note that this is the only instruction that can use 
DecTab# 0. 
4. The Delta CHAN value is added to (CHAN), 
the result being new contents for the CHAN 
register. 


5. If B = 1, the IOP tests whether the new PC 
value is “all ones”. If so, it 
(PCT[CHAN]) into the PC, otherwise it 
loads the New PC value in the decision 
table word into the PC. In either case, the 
IOP executes its next instruction from the 
new location. If B = 0, the next instruction is 
performed. 


INPUT 
[ows Je] teetane [5 [aren 
4 1 4 1 6 


This instruction provides the basicdata transfer 

mechanism from devices to memory areas. 

1. If devdisp is not “all ones”, data is read from 
an external device at the address formedas 
follows: v3 


A23—0: (DAT[CHAN]) XOR devdisp. 


Bit 15 of MCT[CHAN] determines the size 
of data read from the device. 


a. If this bit indicates a 16-bit peripheral, a 
word is read from the device. The units bit 
of the address has no effect on the cycle 
with the device, but rather serves to identify 
which byte of the word is interpreted in the 
next phase of instruction operation. The 
byte selected by the units bit of the address 
is placed in CHAR and the other byte is 
placed in BST[CHAN]. The units bit of the 
address is saved in the SVAO flag in case 
the word needs to be reconstituted later. 


Ifthe S bit of the instructionis 1, the selected 
byte is also stored in the SVCHAR register, 
and the other byte is stored in the SVBST 
register, for later retrieval and reinterpreta- 
tion. ; 


b. If bit 15 of MCT[CHAN] indicates an 8-bit 
peripheral, a byte is read and placed in 
CHAR. If the S bit of the instruction is 1, the 
byte is also stored in the SVCHAR register, 
for later retrieval and reinterpretation. 
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loads | 


2. \fdevdisp = all ones, (CHAR), and (BST 
[CHAN)]) if applicable, from a previous in- 
struction are use in the following steps, and 
the S bit of the instruction has no effect. 


3. If DecTab# > 0, awordis read from adecision 
table at the address formed as follows: 


A23-13: (DTBR) 


A12-9: DecTab# 
A8—1: (CHAR) 
AO: O for word access. 


This word is interpreted as follows: 


Oe ee cs 


1 #1 4 10 


If DecTab# = 0, the IOP performs the following 
steps as if B = 0 and W = 1. 


4. If the Whit is 1, bits 15 and 14 of MCT 
[CHAN] determine how the data is trans- 
ferred to memory: 


a. If these bits indicate an 8-bit peripheral and 
8-bit memory transfers, the byte in CHAR is 
written to memory at the address in 
MAT[CHAN]. The address is incremented 
by 1, and the count in MCT[CHAN] is de- 
cremented by 1. 


b. If MCT[CHAN] bits 15-14 indicate a 16-bit 
peripheral and 16-bit memory (SVAO) so 
that the word is written in the same way it 
was read from the device. The address is in- 
cremented by 2, and the count in 
MCT[CHAN] is decremented by 2. 


c. If MCT[CHAN] bits 15-14 indicate an 8-bit 
peripheral and 16-bit memory transfers: 


i. If the address in MAT[CHAN] is not 0001, 
the byte in CHAR is placed in BST[CHAN]}, 
and the BSTO[CHAN] flag is set. 


ii. Ifthe address is even and the countis 0001, 
(CHAR) is written to memory as a byte. 


If the address is odd and the BSTO[CHAN] 

flag is set,.a word is written to memory. Its 
even-addressed byte is obtained from BST 
[CHAN] and its odd-addressed byte is ob- 
tained from CHAR. 


iv. Ifthe address is odd and the BSTO[CHAN] 
flag is not set, (CHAR) is written to memory. 
This will only occur for the first byte in a buff- 
er that starts at an odd address. 


Regardless of how (CHAR) is handled, the ad- 
dress in MAT[CHAN] is decremented by 1, and 
the count in MCT[CHAN] is decremented by 1. 


5. If the B bit is 1 and the “new PC” value is all 
ones, (PCT[CHAN]) is loaded in the PC, 
and execution continues from that address. 
lf Bis 1 and the “new PC’ is notall ones, the 
“new PC" is loaded into the PC, and execu- 
tion continues from that address. 
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6. Ifthe count was not decremented to Oin step 
5, and Bis 0, and E is 1, the service for this 
device is completed. 


7. If the count was decremented to 0 in step 
5 or (B is O and E is 0), execution continues 
at the next instruction. 


OUTPUT 

[ow [a Te] sector |S] evden] 
3.34. 4 1 6 

The instruction provides the basic data transfer 

mechanism from memory areas to devices. 

1. If RR = 1, bits 15 and 14 of MCT[CHAN] deter- 
mine how memory data is obtained for 
transfer to the peripheral: 


a. If these bits indicate an 8-bit peripheral and 
8-bit memory transfers, a byte is read from 
memory at the address in MAT[CHAN] and 
is placed in the CHAR register. The address 
in MAT[CHAN] is incremented by 1, and the 
countin MCT[CHAN]] is decremented by 1. 


If the S bit of the instruction is 1, the byte 
placed in CHAR is also stored in the 
SVCHAR register, for later retrieval and re- 
interpretation. 


b. If MCT[CHAN] bits 15 and 14 indicate a 
16-bit peripheral and 16-bit memory trans- 
fers, a word is read from memory at the ad- 
dress in MAT[CHAN]. The units bit of the 
address has no effect on the memory cycle 
but rather serves to select which byte can 
be interpreted in the next phase of instruc- 
tion operation. The byte selected by the 
units bit of the address is placed in CHAR, 
the other byte is placedin BST[CHAN], and 
the units bits is saved in the SVAO bit so the 
word can be reconstituted later. The ad- 
dress in MAT[CHAN] is incremented by 2, 
and the count in MCT[CHAN] is decrem- 
ented by 2. 


If the S bit of the instruction is 1, the byte 
placed in CHAR is also stored in the 
SVCHAR register, and the other byte is 
stored in the SVBST register, for later re- 
trieval and reinterpretation. 


c. If MCT[CHAN] bits 15 and 14 indicate an 
8-bit peripheral and 16-bit memory trans- 
fers, a byte is obtained in one of the follow- 
ing ways and is placed in CHAR: 


i, Ifthe address in MAT[CHAN] is even and 
(MCT{[CHAN}) is not 0001, a word is read 
from that address. Its even-addressed byte 
is placed in CHAR, its odd-addressed byte 
is placed in BST[CHAN], and the 
BSTO[CHAN] flag is set. 


li. If the address is even and the count in 
MCT[CHAN] is 0001, a byte is read from the 
address. 


Philips Components—Signetics Data Communication Products 


Preliminary Specification 





I/O Processor (IOP) 


SC26C460 





ili. If the address is odd and the BSTO[CHAN] 
flag is set, the byte in BST[CHAN] is trans- 
ferred to CHAR. 


iv. Ifthe address is odd and the BSTO[CHAN] 
flag is not set, a byte is read from the ad- 
dress. This will only occur for the first byte 
in a buffer that starts at an odd address. 


Regardless of how the byte is obtained, the ad- 
dress in MAT[CHAN] is incremented by 1, and 
the countin MCT[CHAN] is decremented by 1. 
If the S bit of the instruction is 1, the byte placed 
in CHARis also stored in the SVCHAR register, 
for later retrieval and reinterpretation. 


2. If R=0, (CHAR) and (BST[CHAN]) from a 
previous instruction are used in the follow- 
ing steps, and the S bit of the instruction has 
no effect. 


3. Unless DecTab# = 0, a word is read from a 
decision table at the address formed as fol- 
lows: 

A23-13: (DTBR) 

Ai2-9: DecTab# 

A8-1: (CHAR) 

AO: 0 for word access. 


This word is interpreted as follows: 


1 #1 4 10 
If DecTab# = 0, the IOP performs the following 
steps as if B= 0 and W = 1. 
4. If devdisp is not “all ones” and the W-bit is 1, 
data is sent to an external device at the ad- 
dress formed as follows: 


A23-0: (DAT[CHAN]) XOR devdisp 


Bit 15 of MCT[CHAN] determines how 
much data is sent: 


je) 


. If this bit indicates a 16-bit peripheral, a 
word is sent to the device. The data is com- 
prised of (BST[CHAN]) and (CHAR), ar- 
ranged according to (SVAO) so that the 
word is written in the same way it was read 
from memory. 


. If bit 15 of MCT[CHAN] indicate an 8-bit pe- 
ripheral, (CHAR) is sent to the device 


oOo 


. If the B bit is 1 and the “new PC’ value is all 
ones, (PCT[CHAN)]) is loaded in the PC, 
and execution continues from that address. 


ai 


If Bis 1 and the “new PC” is not all ones, 
(PCT[CHAN)) is loaded into the PC, andex- 
ecution continues from that address. 


IfBis 1 and the “new PC’ is notall ones, the 
“new PC" is loadedin the PC, and execution 
continues from that address. 


o 


. If the count was not decremented to 0 and 
Bis 0, and E is 1, the service for this device 
is completed. 
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7. If.the count was decremented to 0, or(B 
is O and E is 0), execution continues at the 
next instruction. 


Note that an OUTPUT instruction with R = 0, 
DecTab# = 0, devdisp = 1111111, (MCT) > 0, 
and E = 1 does nothing other than completing 
the current service. Same conditions with E = 
0 can be used as NOP instructions. 


INT 
| vo fere(efol wet | 
4 1 411 «74 8 


When the command is executed, the following 
steps are performed: 


1. If the F bitis 1 and the BSTO[CHAN] flag 
is set, then the current buffer is “closed” as 
follows: 


a. (BST[CHAN]) is written to memory at the 
address in MAT[CHAN] minus one. (The 
address in MAT[CHAN] is always odd when 
BSTO is set, so this is accomplished by sim- 
ply forcing AO to 0.) The operation is actually 
a word write, with the data written to the 
odd-addressed byte being undefined. 
Since the byte in BST[CHAN] would not 
have been placed there if MC T[CHAN] indi- 
cated it was destined for the last byte avail- 
able in the buffer, a word write is always 
permissible. 


b. The address in MAT[CHAN] in not increm- 
ented, and the count in MCT[CHAN] is not 
decremented (these two operations already 
occurred for this byte when it was placed in 
BST). 


c. The BSTO[CHAN] flag is cleared. 


2. ‘vector’ and (CHAN) are written into the inter- 
rupt FIFO. IfnLin the CTRL register is 1 and 
Lis O, they are placed in the lower-priority 
queues. If nL in the CTRL register is 1 and 
Lis 1, they are placed in the higher-priority 
queue. If nL is 0, there is only one 32-entry 
queue, and the L bit is ignored. 


3. The IRQN pin is asserted (if it was not al- 
ready asserted). 


4. \f Eis 1, service for this channel is con- 
cluded; otherwise the nextinstruction is per- 
formed. 


When the host processor responds by assert- 
ing the |ACKN pin, or by polling the INTRD reg- 
ister, the following steps are performed: 


1. If nLis 1 and there is at least one entry in 
the higher-priority FIFO, the higher-priority 
FIFO is selected. If nLis 1 and the higher- 
priority FIFO is empty, the lower-priority 
FIFO is selected. If nL is 0, the single 
'32-entry FIFO is selected. 


2. The vector byte from the top entry in the se- 
lected FIFO is placed on the external data 
pins (D7—D0), and DACKN is asserted. 
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3. The channel number for the top entry in the 
selected FIFO is copied to the INTCHN reg- 
ister, from which it can be read by the host 
MPU. 


4. The selected FIFO is “popped”, thatis, its 
top entry is removed. 


5. IF nl is 1. and both FIFOs are now empty, 
or nL is 0 and the (single) FIFO is now 
empty, the |RQN pin is negated. 


By the mechanism described above, the IOP 
maintains two internal interrupt priority levels at 
which a channel program can post an interrupt 
to the host MPU. All interrupts with L = 1 have 
a higher priority than any interrupts with L = 0, 
but within each level interrupts are presented to 
the host MPU in the order that they were posted 
by the channel program(s). Forexample, for ex- 
ternal UARTs, all “receive” and “error” interrupts 
mightbe posted at level 1 while “transmit” inter- 
rupts are posted at level 0. | 


a 


Co 


| 00 | New PC 


4 2 10 

Ifthe countin MCT[CHAN] is zero, then the val- 
ue “new PC” is loaded in the PC and these be- 
comes the address of the next instruction 
executed. Otherwise, the nextinstruction is ex- 
ecuted. 


JNCO 


| or | New PC 


4 2 10 
If the count in MCT[CHAN] is zero, then the val- 
ue "new PC" is loaded in the PC and thus be- 
comes the address of the next instruction 
executed. Otherwise, the next instruction is ex- 
ecuted. 


JUMP 


Poa | New PC 


4 2 10 
The value “new PC” is unconditionally loaded 
in the PC and thus becomes the address of the 
next instruction executed. 


LDPCT 


po fc 
4 1 1 10 

The value “New PC” is loaded in aPC entry and 
thus becomes the starting point for execution 
for future device service. If C is 0, the vale is 
loaded in PCT[TCHAN], where TCHAN is the 
channel number at which execution was 
Started for the current device (i.e., the request 
code of the current device). If C is 1, the value 
is loaded in PCT[CHAN]. Note that CHAN may 
have been changed by INTERP instructions 
since the start of execution. 


The TCHAN register is also used by the RE- 
LOAD instruction. If both a RELOAD instruction 
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and a LCPCT instruction with C = 0 are to be 
done during the same execution, the LDPCT 
must be executed first. 


SEND2DEV 
ee 
1 1 8 6 


“value” is sent to an external device at the ad- 
dress 


A23--0: (DATICHAN]) XOR devdisp. 


This instruction is useful for sending fixed byte 
values (e.g., commands) to devices. (CHAR) is 
not used or changed by this instruction. for 
SEND2DEV, devdisp may not be all ones, be- 
cause this value identifies the instruction as 
SEND2MEM. 


SEND2MEM 
es A 8 6 


The “value” byte is written to memory as if ithad 
been received from the device in an INPUT in- 
‘struction. Bit 14 of MCT[CHAN] determines 
how the data is transferred to memory. 
1. If MC TICHAN]14 =0, indicating 8-bit mem- 
ory transfers, “value” is written as a byte at 
the address in MAT[CHAN]. 


2. If MCT[CHAN]14 = 1, indicating 16-bit mem- 
ory transfers, the IOP proceeds as follows: 


a. If the address in MAT[CHAN] is even and 
the count in MCT[CHAN] is not 0001, “val- 
ue" is placed in BST[CHAN], and the 
BSTO[CHAN] flag is set. 


b. Ifthe address is even and the countis 0001, 
“value” is written to memory as a byte. 


c. Ifthe address is odd and the BSTO[CHAN] 
flag is set, a word is written to memory. Its 
even-addressed byte is obtained from 
BST[CHAN] and its odd-addressed byte is 
value”. 


d. Ifthe address is odd and the BSTO[CHAN] 
flag is not set, “value” is written to memory 
as a byte. 


Regardless of the memory width and how “val- 
ue" is handled, the address in MAT[CHAN ] is in- 
cremented by 1, and the count in MCT[CHAN] 
is decremented by 1. 


Anexample ofuse of this instruction is to substi- 
tute an error code when a character with a par- 
ity error is received from a comm link. 


If device data is also 16 bits wide, SEND2MEM 
instructions should be done in pairs so as to 
store 16-bit values in memory. If a single 
SEND2MEM is performed during service for a 
channel for a 16-bit device, its data byte may be 
written to memory immediately, or the byte may 
be lost, or the byte may be written to memory 
after intervening words stored by INPUT in- 
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structions. Careful examination of the proce- 
dure described above, and the description for 
INPUT, will clarify the various possibilities. 


LDCHAR 
| 1001 | op {| o |  vaue 
4 2 2 8 


“value” is loaded into CHAR and/or SVCHAR 
depending on “op” as follows: 
op Operation 
00 CHAR: = value 
01 SVCHAR, CHAR: = value 
IF MCT[CHAN] 15 = 1, 
BST[CHAN]: = (SVBST) 
10 BST[CHAN}: = (CHAR); 
CHAR: = value. SVAO: = 0 
11. as 10 except SVAO: = 1 


With op = 00, the 8-bit immediate value is sim- 
ply placed in CHAR for use by subsequent in- 
structions. With op = 01, the value is placed in 
both SVCHAR and CHAR, and if the channel 
involves a 16-bit peripheral, the contents of 
SVBST are retrieved and placed in BST 
[CHAN]. the latter characteristic of operation 
with op = 01 is by symmetry with the next group 
of (logic) instructions. No specific application of 
this characteristic is foreseen. 


With op = 1x, the previous contents of CHAR 
are sent to BST[CHAN], the new value is 
placed in CHAR, and the SVAO flag is set as in- 
dicated. As noted in a subsequent section, one 
LDCHAR with op = 00 can be followed by one 
with op = 1x to set up to a “16-bit immediate val- 
ue” that can then be sent to a 16-bit device in 
one operation by an OUTPUT command. 


ORCHAR, ANDCHAR, XORCHAR 


[woo [or [au] vue 
4 2 2 8 

The logical combination indicated by LL, be- 

tween “value” and (CHAR), (SVCHAR), or 

(BST[CHAN]), is formed and then placed in 

CHAR and/or SVCHAR. LL values are as fol- 

lows: 

LL Function 


01 ANDCHAR 
10 ORCHAR 
11. XORCHAR 


while “op” values are as follows: 

op Operation 

00 CHAR: = value LL CHAR 

01 SVCHAR, CHAR: = value LL SVCHAR; 
IF MCT[CHAN] 15 = 1, 
BST[CHAN]: = (SVBST) 

10 tmp: = value LL BST[CHAN]}; 
_BWT[CHAN]: = (CHAR); 
CHAR: = tmp; SVAO: = 0 

11. sameas 10 except SVAO: = 1 
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These instructions, with op = 00, can be used 
by achannel program to produce a “command” 
value from a “status” value from a peripheral. In 
particular, command/status bytes for some pe- 
ripherals include a collection of information for 
multiple sub-devices/channels. In such cases, 
itis necessary to modify certain bits in the byte 
value while preserving other bits “as is”. 


With op = 01, these instructions can be used to 
retrieve (SVCHAR), potentially modified, back 
into CHAR for use by a subsequent INTERP in- 
struction having an all ones “devdisp” field. Ifa 
status register contains multiple event flags, 
this facility can be used to handle the events 
one by one. If the channel involves a 16-bit pe- 
ripheral, BST[CHAN] is also retrieved from 
SVBST. 


With op = 1x, the instructions can be used to 
more or less exchange (BST{[CHAN]) and 
(CHAR), with modification, which may be use- 
ful in conjunction with handling 16-bit data or 
status values for 16-bit devices. 


Note that ORCHAR with value = 0 comprises a 
“move” operation. 


RELOAD 
[vor [To[r[o] 0000 [dete aan | 
4 1 1 1 4 5 
1. Ifthe F bitis 1 and the BSTO[CHAN] flag is 
set, then the current buffer is “closed” as fol- 
lows: 


a. (BST[CHAN)) is written to memory at the 
address in MAT[CHAN] minus one. (The 
address in MAT[CHAN] is always odd when 
BSTO is set, so this is accomplished by sim- 
ply forcing AO to 0). The operation is actually 
a word write, with the data written to the 
odd-addressed byte being undefined. 
Since the byte in BST[CHAN] would not 
have been placed there if MCT[CHAN] indi- 
cated it was destined for the last byte avail- 
able in the buffer, a word write is always 
permissible. 


b. The address in MAT[CHAN] is not increm- 
ented, and the count in MCT[CHAN] ts‘not 
decremented (these two operations already 
occurred for this byte when it was placed in 
BST). 


c. The BSTO[CHAN] flag is cleared. 


2. The sum (CHAN) + Delta CHAN is formed 
and placed in the TCHAN register. Asecond 
IOP channel is selected by (TCHAN). The 
24-bit contents of MAT[CHAN], with 8 high- 
order zeros, are written into memory by 
means of two consecutive 16-bit writes 
starting at the address in MAT[TCHAN], fol- 
lowed by one 16-bit write of 0000. 
MAT[TCHAN} is incremented and MCT 
[TCHAN] is decremented as these words 
are written, fora total increment/decrement 
of 6 (bytes). 
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3. If MCT[TCHAN] is zero at the conclusion of 
these writes, then the contents of DAT 
{[TCHAN] are copied into MAT[TCHAN], 
and the contents of PCT[TCHAN] are co- 
pied into the 10 LSBs of MCT[TCHAN]. This 
feature allows a wraparound “ring” of buffer 
addresses and counts, containing DAT 
{[TCHAN] / 6 entries. 


Note that while PC entries contain less bits than 
MCT entries, 10 bit are more than enough to 
contain the length of the buffer address table 
used for reloading. 


4. Whether or not such a wraparound occurs, 
the lIOP saves (MAT[TCHAN], then reads 
two words from memory at the new address 
in MAT[TCHAN] and places the contents in 
MAT[CHAN], and then read the next word 
and places its contents in MCT[CHAN]. Fi- 
nally it restores MAT[TCHAN] to the saved 


MAT[7] 


MCT[7] BUFFER 1 LENGTH “0/4 


MAT[9} 


- BUFFER1ADDR+n - 


MCT[9] 


—~ BUFFER1ADDR — 


BUFFER 1 LENGTH 


‘— BUFFER2ADDR — 


BUFFER 2 LENGTH 


— BUFFER3 ADDR —- 


value, so thatit once again points to the first 
word of the address in memory. 


lf there are only a few buffers in the ring (e.g. 2), 
and the processor takes a long time from serv- 
icing interrupts, itis possible that all the buffers 
in the ring may be exhausted. This can be 
tested by a JCO or JNCO instruction following 
the RELOAD. 


Figure 5 shows the effect of two different execu- 
tions of a RELOAD instruction with CHAN = 7 
and Delta CHAN = 2. Channel 7 has a ring of 
three I/O buffers and is reloaded via channel 9. 
The first RELOAD is issued after "n” bytes have 
been transferred from or to buffer area 1‘, at 
which time the host MPU is “Current” in that it 
has provided the addresses and counts of buff- 
ers 2 and 3. The other RELOAD is executed 
some time later; “m” bytes have been trans- 


MATI9] |— — —- 


MCT(9] 


BUFFER 3 LENGTH 


BEFORE FIRST RELOAD 
- BUFFERS ADDRén - 
mcTi7] | BUFFER 3 LENGTH-m 
MAT{9] 


DAT(9] 


PCTI9] 


BEFORE THIRD RELOAD 
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— BUFFER1ADDR — 


BUFFER 1 LENGTH : 


- BUFFER2ADDR+k - 
fmm 
—- BUFFER3ADDR — 


BUFFER 3 LENGTH 


MAT[7] |-— ~ BUFFER2 ADDR — — 


MCT{7] BUFFER 2 LENGTH 


100649 


ferred from.or to buffer 3, and the host MPU is 
a little “behind” in that it has refreshed the ad- 
dress andcountfor buffer 1 buthas notyetdone 
so for buffer 2. 


Host Software Constraints 

The count loaded in the MCT and PCT entries, 
for an IOP channel that is used for reloading, . 
must be a multiple of 6. 


In analyzing the contents of a buffer that was 
“prematurely terminated” because of interpret- 
ing a status or data byte, system software does 
not have access to the residual count for the 
buffer. However, since the address in a MAT 
entry is always incremented whenever the 
count in the corresponding MCT entry is de- 
cremented, the stored address conveys the 
same information in a slightly less convenient 
form. 


- BUFFER1ADDRin - 


— BUFFER2ADDR — 


BUFFER 2 LENGTH 


— BUFFER3 ADDR — 


BUFFER 3 LENGTH 


AFTER FIRST RELOAD 


MATI7] 
MCT[7} 
MAT(9] 


MCT[9] 


DAT{(9] 


PCT[9] 


— BUFFER1ADDR — 
BUFFER 1 LENGTH 


—— = 100039 - —-— — 


- BUFFER1ADDRen - 


— BUFFER2 ADDR — 


BUFFER2 LENGTH 


— BUFFER3 ADDR — 


BUFFER 3 LENGTH 


AFTER THIRD RELOAD 
Figure 5. Effects of Two RELOAD 2 Instructions with (CHAN) = 7 
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Some Applications 
This section provides a few examples of how 
various IOP instructions can be combined. 


Sending a Word to a Device 

SEND2DEV only send an 8-bit byte to a device. 
lf a 16-bit word must be sent to a 16-bit device 
in a single write operation, a sequence like the 
following can be used: 

LDCHAR value1 

LDCHAR value2, op=1x 

OUTPUT R =0, decTab#=0 


Interpreting a 16-Bit Status Value 

To interpret both bytes in a status value from a 
16-bit device, without re-reading the word: 
INTERP TAB1,statreg offset 

OR 0, op=1x 

INTERP TAB2, X“3F’ 


Interpreting a 16-Bit Data Value 

As the previous example, but the 16-bit value 
shouldbe written to memory if both bytes “pass” 
interpretation: 

INTERP TABA,datareg_offset 
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OR 0, op=1x 

INPUT TABB, X“3F' 

Additional Notes 

Since the IOP maintains its addresses and buff- 
er length in on-chip RAM, it can service any of 
its channels without having to fetch this data 
from external memory. 


The best-case service time for a channel is 
when its channel program consists of a single 
INPUT or OUTPUT instruction, with neither 
status nordata interpretation. In this case, serv- 
icing the channel takes three bus cycles: one 
to fetch the instruction, one to read the memory 
or peripheral, and one to write to the peripheral 
or memory. 


Perhaps more typical is the case when periph- 
eral status needs to be interpreted. In this case, 
an instruction read, a status read andadecision 
table read are added before the transfer in- 
struction is read, for a total fo six bus cycles. 


In the 2698 OC TART handler shown in Listing 
1, there are tow separate status registers that 
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may need to be read. Thus, a single character 
can be handled in either six or nine bus cycles, 
or an average of 7.5. However, when the re- 
ceive FIFO is full, the handler uses the 2698's 
flag indication to process 4 received characters 
in 18 or 21 cycles, an average of 4.875 bus 
cycles per character. Similarly, when the trans- 
mitter is completely empty, the handler pro- 
cesses 2 transmitted characters in 10 or 13 bus 
cycles, an average of 5.75 bus cycles per char- 
acter. 


If data is to interpreted as well as status, anoth- 
er decision table readis performed between the 
data read and write cycles, for a total of (at 
least) seven bus cycles. 


All of these figures assume that decision table 
reads do not indicate any exceptional action 
such as buffer termination or error handling, 
and that the buffer count does not expire. Such 
(rare) occurrences may add substantially to the 
number of cycles and the time to service a 
channel. 
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Listing 1. Sample of IOP Service Routine for a 2698 


00000002 
00000004 
00000006 
00000006 


00000008 


00000000 


4002 
4002 


B816 


5006 
900A’ 
5006 
900A’ 
5006 
900A’ 


5806 
B818 


7006 
900E’ 


7806 
0204 
B819 


B817 


0000 
0800 
8009 
8002 
8003 
840D 
8009 
8002 
8003 
8002’ 
840B 
8009 
8002 
8003 
8010’ 
8010° 
(ETC. . .) 
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0000 


0000 
0000 
0000 
0000 


0000 


0000 


0000 


0002 


0004 


0006 
0008 
OOOA 
o00c 
OO00E 
0010 


0012 
0014 


0016 


OO1A 
oo01c 
OO1E 


0020 


0022 


0000 
0002 
0004 
0006 
0008 
QOOOA 
000c 
000E 
0010 
0018 
OO1A 
oo1c 
OO1E 
0020 
0028 


; IOPC HANDLER FOR 2698 
: BEGIN PROG 


; OFFSETS OF 2698 REGISTERS, TIMES 2 FOR BYTE DEVICE 


SR = 2 ; STATUS 

CR = 4 ; COMMAND 

RHR = 6 ; RECEIVE DATA 
THR = 6 ; TRANSMIT DATA 
; COMMAND CODE IN CR 
DTX = 8 ; DISABLE TX 


; DECISION TABLE FORWARD REFERENCES 
SRTAB = 0 


; 2698 CHANNEL PROGRAM STARTS HERE 
; (HOST PUTS STRT98 IN 4 PCT ENTRIES 
; THE FOLLOWING INTERPS BRANCH IF THE SR OF A UART IS NON-ZERO, 
; OTHERWISE THEY STEP CHAN +2 AND CONTINUE TO THE NEXT INSTRUCTION 
STRT98: INTERP SR, SRTAB ; TEST UART #1 STATUS 
INTERP SR, SRTAB . 7 TEST UART #2 STATUS 


; FLAG ERROR: 


; BOTH STATUS REGS ZERO, 
: FFULL WITHOUT RXRDY, 
, TXEMT WITHOUT TXRDY 


FLGERR: INT 22,END ; 22 IS VECTOR FOR WEIRD THINGS 


; RECEIVE 4 CHARACTERS (INTERP BRANCHES HERE IF FFULL) 


RCV4 INPUT RHR ; ONE 
JcO RCVEND 
INPUT RHR ; Two 
JCcO RCVEND 
INPUT RHR ; THREE 
JCO RCVEND 


7 RECEIVE 1 CHARACTER (INTERP BRANCHES HERE IF RXRDY, NO FFULL) 
RCV: INPUT RHR, , END ; READ RHR, WRITE MEMORY 
RCVEND INT 24, END 


; TRANSMIT 2 CHARACTERS (INTERP BRANCHES HERE IF TXEMT, NO RXRDY) 
XMIT OUTPUT THR ; ONE 
JCO XMITEND 


; TRANSMIT 1 CHARACTER (INTERP COMES HERE IF TXRDY, NO RXRDY NOR TXEMT) 


XMIT: OUTPUT THR, END ; READ MEMORY, WRITE THR 
XMITENC SEND2DEV CR, DTX ; DISABLE THE TRANSMITTER 
INT 25, END 


; RECEIVER ERROR(S) (INTERP BRANCHES HERE IF ANY OF 4 HIGH SR BITS) 
RCVERR: INT 23, END 


einai anteeaientenienicetoediertaeiendoe ie ee an 


BEGIN DTABS 


; DECISION TABLE FOR 2698 SR 


DTAB SRTAB 

IDTE ,2 ; IF STATUS = 0, NO BRANCH, STEP CHAN +2 
IDTE RCV — ; RXRDY 

IDTE FLGERR ; FFULL, NO RXRDY IS IMPOSSIBLE 
IDTE RCV4 ; FFULL, RXRDY 

IDTE XMIT, 1 ; TXRDY (STEP CHAN +1) 

IDTE RCV ; TXRDY, RXRDY 

IDTE FLGERR ; FFULL, NO RXRDY IS IMPOSSIBLE 
IDTE RCV4 ; TXRDY, FFULL, RXRDY 

IDTE FLGERR, , 4 ; TXEMT, NO TXRDY IS IMPOSSIBLE 
IDTE XMIT2,1 ; TXEMT, TXRDY (STEP CHAN +1) 
IDTE RCV ; TXEMT, TXRDY, RXRDY 3 
IDTE FLGERR ; FFULL, NO RXRDY IS IMPOSSIBLE 
IDTE RCV4 ; TXEMT, TXRDY, FFULL, RXRDY 
IDTE RCVERR,,240 ; RECEIVE ERRORS 
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ABSOLUTE MAXIMUM RATINGS? 2: 3 


peedeeaee ed 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is astress rating only and func- 
tional operation of the device at these or any other condition above those indicated in the operation section of this specification is not implied. 

2. For operating at elevated temperature, the device must be derated based on +150°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 






DC ELECTRICAL CHARACTERISTICS T, = 0°C to +70°C, Voc = 5V-410% 


TENTATIVE LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


input low voltage ce ee eee 













Input high voltage 


io = 24mA loco eee dl 
| 2d 





Output high voltage (except open-drain outputs) loy = —400LA 2.4 


~ Vin = 0 to Veco 





Data bus 3-State leakage current 





AC ELECTRICAL CHARACTERISTICS T, =0°C to +70°C, Voc = 5V 410%! 


FIGURE PARAMETER 


1 6 BCLK period (tgcik) 
2 6 BCLK width high 

3 6 BCLK width low 

4 6 RESETN width low 


Master Arbitration 


BCLK high to BRN low 

BRN low to BGN low 

Setup, BGN low to BCLK low 
BCLK high to drivers enabled 
BCLK high to BRN high 

BRN high to drivers disabled 
BRN high to BGN high 

Setup, BGN high to BCLK low 


BCLK high to A23:1 change 

BCLK high to A23:1 valid 

BCLK high to RWC valid 

BCLK high to M/IO valid 

A23:1. RWC. and M/IO valid to ASN low 

BCLK high to ASN low 

BCLK high to DHIEN and/or DLOEN low 

D15:0 valid (read) to DACKN low 

Setup, DACKN low to BCLK high 

BCLK low to ASN high 

BCLK low to DHIEN and DLOEN high 

Hold, read data valid after DHIEN and DLOEN high 
DHIEN and DLOEN high to DACKN high (to avoid acknowledging next cycle) 
BCLK high to data bus drivers enabled (write) 
BCLK high to write data valid 

Write data valid to DHIEN and/or DLOEN low 

Hold, write data valid after BCLK high 

BCLK high to data bus released (end of write) 


8,9 
8,9 
8,9 
8,9 
8,9 
8,9 
8,9 


© oma 
@~ - = @- 
© ODO 


OOOO O- 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


TENTATIVE LIMITS 


Slave Arbitration (Two Bus System) 


Setup, LBRN low to BCLK low 
BCLK high to LBGN low 

BCLK high to JOP drivers disabled 
LBGN low to IOP drivers disabled 
Setup, LBRN high to BCLK low 
LBRN high to LBGN high 

BCLK high to IOP drivers enabled 


Setup, A8:1 valid to CSN low 

Setup, RWC valid to CSN low 

Setup, DHIEN and/or DLOEN low to CSN low 
Setup, CSN low to BCLK low 

IOP response latency 


BCLK low to data bus valid (read or [ACK) 

BCLK low to DACKN low 

DACKN low to CSN high or (OHIEN and DLOEN high) 

Hold, data bus valid after CSN high or (DIEHN and DLOEN high) 
CSN high or (DHIEN and DLOEN high) to data bus released 
CSN high or (DHIEN and CLOEN high) to DACKN released 
Hold, A8:1 valid after CSN high or (DHIEN and DLOEN high) 
Hold, RWC valid after CSN high or (DHIEN and DLOEN high) 
CSN width high (intercycle) 

Setup, data bus valid (write) to CSN low 

Hold, write data valid after CSN high or (DHIEN and DLOEN high) 
Setup, IACKN low to BCLK low 

BCLK low to IRQN released 

DACKN low to JACKN high 

Setup, IACKN high to BCLK low 

Hold, data bus valid after IACKN high 

IACKN high to data bus released 

IACKN high to DACKN released 





NOTES: 

1. If the subject input signal meets this setup time, the IOP is guaranteed to recognize its new state at the subject edge of BCLK. If this setup 
time is not met, recognition may occur at the subject clock edge, or one BCLK later. 

2. The maximum rating of this parameter should be as short as is consistent with device characterization, so as to maximize the compatibility of 
the IOP with processors that re-arbitrate and re-grant if BR is kept low after a first grant. 

3. This parameter defines the number of clock cycles (wait states) between the BCLK falling edge at which CSN or I[ACKN is sampled and the 
falling edge from which the IOP responds with DACKN low, which is a function of the |OP’s internal state and activity. For accesses to DMA 
processor registers when the IOP is idle, 3 BCLK cycles are required. For accesses to DUART registers when the IOP is idle, 5 BCLK cycles 
are required. If the |OP is internally active at the same time CSN or IACKN goes low, up to 11 BCLK cycles may be needed. 


BCLK 


RESETN 





Figure 6. Clock and Reset Timing 
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A23:1, ASN, 
RWC, MAO, 
DHIEN, DLOEN 


Figure 7. Two Wire Master Arbitration 





DHIEN, DLOEN 


[32] 


SSS 





Figure 8. IOP Read From External Peripheral or Memory 
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. 


cenit 


DHIEN, DLOEN 


¢ 
= 
————————, 


Figure 9. IOP Write to External Peripheral or Memory 


eae ASN, 
WX, MAO, 
DHIEN. DLOEN 





Figure 10. Dual Bus “Slave” Arbitration 
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DHIEN, CLOEN 


Figure 11. Host MPU Read from IOP 








DHIEN, CLOEN 





Figure 12. Host MPU Write to [OP 
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Figure 13. Interrupt Acknowledge Cycle by Host MPU 
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AM26LS31 
AM26LS32/AM26LS33 
AM26LS32B 

MC 145406 

MC 1488 

MC 1489/MC1489A 
NE5080 

NESO8 1 

NE5170 
NE5180/NE5181 
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DESCRIPTION FEATURES 
The AM26LS30 is a line driver designed @ Dual RS-422 line driver or quad 





AM26LS30 

Dual differential RS-422 

party line/quad single-ended RS-423 
line driver 






PIN CONFIGURATION 
D and N PACKAGE 


for digital data transmission. A mode 
control input provides a choice of 
operation either as two differential line 
drivers which meet all the requirements 
of EIA Standard RS-422 or as four 
independent single-ended RS-423 line 
drivers. 


In the differential mode, the outputs 
have individual 3-State controls. In the 
high impedance state, these outputs will 
not clamp the line over a common mode 
transmission line voltage of +10V. A 
typical full duplex system consists of the 


RS-423 line driver 


@ Driver outputs do not clamp line with 
power off or in high impedance state 


@ Individual 3-State controls when used 
in differential mode 


@ Low Icc and leg power consumption 


@ RS-422 differential mode: 35mW/ 
driver typ 


® RS-423 single-ended mode: 26mW/ 
driver typ 


® {Individual slew rate control for each 


SLEW RATE 
CONTROLA 


OUTPUTA 
OUTPUT B 


SLEW RATE 
CONTROL B 


SLEW RATE 
CONTROL C 


OUTPUT D 


SLEW RATE 
CONTROL D 


AM26LS30 differential line driver and up output 


to twelve AM26LS32 line receivers, or te aoe cat on A PACKAGE 
® 50Q transmission line drive capability es 

the AM26LS32 line receiver and up to (RS-422 into virtual ground) < 

thrity-two AM26LS30 differential drivers. g a 

ne Para eiawath , @ Low current PNP inputs compatible 2 

Slew control pin allows the use of an with TTL, MOS and CMOS . 

external capacitor to control slew rate for 7 7 

suppression of near-end cross-talk to @ High capacitive load drive capability oe NE eaten 

receivers in the cable. e Exact replacement for DS16/3691 ie) SCE ae 
| The AM26LS30 is constructed using | e High speed oxide isolated bipolar 

high speed oxide isolated bipolar processing [14] SLEW RATE 

processing. . . 113| OUTPUT C 


[=| 
OUTPUT D FS 


SLEW RATE 
CONTROL D 





ORDERING INFORMATION 
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Dual differential RS-422 party/line 
quad single-ended RS-423 line driver 


~ AM26LS30 





FUNCTION TABLE 








eG ae ae) 
oO ef NO Se oe 
Oe tS Ot 20 
re ee 
eat ol Or 0 8 0 
tO 
fete i 0b ee 


BLOCK DIAGRAM 


LOGIC FOR AM26LS30 WITH 
MODE CONTROL HIGH (RS-423) 


SR CONTROLA 


INPUT A OUTPUTA 


INPUT A 
SR CONTROL B 


INPUT B OUTPUT B 


SR CONTROL C 


INPUT C OUTPUT C 


INPUT D 
SR CONTROL D 


INPUT D OUTPUT D 


MODE 
CONTROL 
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LOGIC FOR AM26LS30 WITH 
MODE CONTROL LOW (RS—422) 


‘SR CONTROLA 
OUTPUT A 


OUTPUT B 
SR CONTROL B 


SR CONTROL C 
OUTPUT C 


OUTPUT D 
SR CONTROL D 


MODE 
CONTROL 


LD09460S 
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ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired.) 
RATING 


Supply voltage 
ce V+ 


% 
Ta Ambient temperature range AM26LS30C 0 to +70 

AM26LS301 —40 to +85 

“65 to +150 


PACKAGE POWER DISSIPATION DERATING TABLE 


PACKAGE | POWER DISSIPATION AT Ta = 25°C | DERATING FACTOR ABOVE Ta 
1,488mW 11. 9mW/°C 
ry 1,262mW 10.1mWrCo 


DC ELECTRICAL CHARACTERISTICS Over the operating temperature range. The following conditions apply unless otherwise 
specified: AM26LS30C, Ta = 0 to 70°C, Vcc = 5.0V +5%, Vee = GND; AM26LS30I, 
Ta = —40 to +85°C, Voc = 5.0V +5%, Veg = GND, RS-423 Connection Mode Voltage 


<2.0V. 
| LIMITS 





















Vo Differential output Ri = 0 
Vr Differential output R, = 1002 2.0 


Common mode offset voltage R,. = 100Q 












Difference in common mode output 
ve Difference in common mode offset 


\V7 — Vr R, = 1002 4.0 


a Output leakage current Vcc = OV 
fe ee 
lox Off-state (hi-Z) output current Voc = MAX 
Eas we hea 
ley Off-state (hi-Z) output current Voc = MAX 
Pn we eS 
Output short circuit current Vin = 2.4V 

uN sa 
eee 


Isa, Isp 
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DC ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL? PARAMETER TEST CONDITIONS? 


ae 

liq High level input current Vin = 2.4V en ee ee pA 
be eerie rae 
ear 


LIMITS 







Low level input current Vin = 0.4V 


Input clamp voltage lin =—12mA 









NOTES: 

1. Typical limits are at Vec = 5V, Veg = GND, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-422 where applicable. 

3. R, connected between each output and its complement. 


AC ELECTRICAL CHARACTERISTICS EIA RS-423 Connection, Vcc = 5.0V, Veg = _5V, Mode = 2.4V, Ta = 25°C. 


» ee LIMITS 
| SYMBOL? PARAMETER TEST CONDITIONS? . __ 






er 

[te | Rieetme SS SCSC* 1000, C= SOUP, Figure | | 
te _[Fatrine 1000, C= S000F Figure || 
[won | Outputpropagaton delay | R= 1000, C= s000F. Figures | +0 
wo. | Output propagation delay | R= 1000, C= S000F, Figure | ‘Yas 
oe 

ee 

<3 

came 


tpiz Output enable to output Rx. = 450Q, C, = 500pF, Figure 2 
tpHz 
tpz, Output enable to output R, = 450Q, C, = SO00pF, Figure 2 
_tezH = 


NOTES: 

1. Typical limits are at Voc = 5V, Veg = GND, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-422 where applicable. | 
3. Ry connected between each output and its complement. 


ie 
[200 [ns 
: 
es 
0 






2 
3 
3 
3 





\ OUTPUT 


*‘TEK CTR 
LL — —— —— — CURRENT TRANSF. 
OR EQUIVALENT 








NOTE: 
“Current probe is the easiest way to display a differential waveform. 





TC23010S 





Figure 1. Switching Time Waveforms and AC Test Circuits for EIA RS-422 Connection 
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INPUT B 


(INPUT A HIGH) 


ee OUTPUT 
(INPUT A LOW) 0.1Vgg /Ry 0.5Vgg /AL \ OUTPUT 


*TEK CTR 
CURRENT TRANSF. 
OR EQUIVALENT 


: TC32020S 
ure 2. 3-State Delays 





DC ELECTRICAL CHARACTERISTICS Over the operating temperature range. The following conditions apply unless otherwise 
specified: AM26LS30C, Ta = 0 to 70°C, Voc = 5.0V +5%, Vee = GND; AM26LS30], 
Ta = —40 to +85°C, Voc = 5.0V +5%, Veg = GND, RS-422 Connection Mode Voltage 
<0.8V. 


LIMITS 
SYMBOL? PARAMETER TEST CONDITIONS | omin | Tvpt | Max |_sUNIT 


i tease 
Output voltage Ri = Vin = 2.4V 4.0 41 V 
IVccl = |Veel 
- 


Output voltage R, = 4502 Vin = 2.4V 3.6 3.9 
IVocl = IVeel 
|\V+{ —|V7] | Output unbalance IVecl = [Vee], Ry = 4502 


Output leakage power off Voc = Veg = 0 
Output short circuit current Vo =0V Vin = 2.4V 
Vin = 0.4V 


Is-ew Slew control current Votew = Veg + 0.9V Pe =i + 














Fae es Negative supply current Vin = 0.4V, R, = 






Low level input current Vin = 0.4V 
EV 4 Input clamp voltage lin =-12mA 


NOTES: 

1. Typical limits are at Voc = 5.0V, Vee = —5V, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 

3. Output voltage is +3.9V minimum and —-3.9V minimum at —40°C. 


High level intput current Vin = 2.4V 


Vo 
O 
Vr 
; 
Ixy 
In 
Isy 
Ig_ 
loc 
lee 
Vi 
Vit 
IH 
Ne 
Vi 
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AC ELECTRICAL CHARACTERISTICS EIA RS-422 Sonnecion, Voc = 5.0V, Veg = GND; Mode = 0.4V, Ta = 25°C. 


SYMBOL? PARAMETER TEST CONDITIONS? 
oe R, = 4502, Cy - 
Rise time = 500pF, Cc = OpF 







Figure 3 - Ca =50pF 


| R.=45002,c, [| 
te Fall time = 500pF, » Co =OpF P| 120 300 ns 
rio | “Sexier [| 3 


Output propagation delay Rea ooe eS _ opr Pe nlge 9 
Output propagation delay | pee peer c 7 ee elgnies 


NOTES: a 

1. Typical limits are at Voc = 5.0V, Veg = —5V, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 

3. Output voltage is +3.9V minimum and —3.9V minimum at —40°C. 





INPUT : = OUTPUT 


TC23030S 


Figure 3. Switching Time Waveforms and AC Test Circuits for EIA RS-423 Connection 


SLEW RATE (RISE or FALL TIME) SUPPLY CURRENT 
vs EXTERNAL CAPACITOR vs SUPPLY VOLTAGE 


CAPACITANCE (pF) 
I cc SUPPLY CURRENT - (mA) 


Peles Jered 


mM O 0.7 1.4 2.1 283.542 4.9 5.6 6.37.0 
RISE TIME ( LL s) 
OP20780S Voc ~— SUPPLY VOLTAGE (V) OP20810S 


Figure 4, Figure 5. 
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OH” HIGH-LEVEL OUTPUT VOLTAGE (V) 


Vo — LOW-LEVEL OUTPUT VOLTAGE (V) 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs OUTPUT CURRENT 








— 


—60 


loH — HIGH-LEVEL OUTPUT CURRENT (mA) 


Figure 6. 


= 
Lr W 
Ee dade tcl al 


ae 


ret 
TTT TST 


fee See eae ee 


| 


Lae 
eo 


-70 


OP20790S 


LOW-LEVEL OUTPUT VOLTAGE 


vs OUTPUT CURRENT 


/ 


pt tt | Ae 





72 


ALAA 
fel | 
Can 


bh chert EL 
PT Pet 
dtc belle hadatea ted 


84 


joy - LOW-LEVEL OUTPUT CURRENT (mA). 


Figure 7. 


OP20800S 
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DESCRIPTION 








The AM26LS31 is a quad differential line 


driver, designed for digital data 
transmission over balanced lines. The 
AM26LS31 meets all the requirements 
of EIA standard RS-422 and Federal 
standard 1020. It is designed to provide 
unipolar differential drive to twisted-pair 
or parallel-wire transmission lines. The 
circuit provides an enable and disable 
function common to all four drivers. The 


AM26LS31 features 3-State outputs and 


logical ORed complementary enable 
inputs. The inputs are all LS compatible 
and are all one unit load. 


The AM26LS31 is constructed using 
advanced Low Power Schottky 
processing. 


ORDERING INFORMATION 









16-Pin Plastic DIP 


—55°C to +125°C 


AM26LS31 


Quad high-speed differential 


line driver 


FEATURES | 
® Output skew of 2.0ns typical 


@ Input to output delay: 12ns 

® Operation from single +5V 

® 16-pin DIP and SO packages 

@ Four line drivers in one package 
® Output short-circuit protection 

® Complementary outputs 

® Meets EIA standard RS-422 


@ High output drive capability for 10082 
terminated transmission lines 


@ Available in military and commercial 
temperature range 


@ Advanced low power Schottky 
processing 


®@ Outputs won't load line when 
Voc = OV 


APPLICATIONS 
® Data communications equipment 


@ Computer peripherals 


® Workstations 


®@ Automatic test equipment 






AM26LS31MN 
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PIN CONFIGURATION 
D, F, and N Packages 


OUTPUT A 2] 
ouTPuT A [3] 
ENABLE G [4] — 
OUTPUT B [5] 
ouTPUT B [6] 


' 144] OUTPUT D 
43] OUTPUT D 
12] ENABLE G 
14] OUTPUT T 


TOP VIEW 


FUNCTION TABLE (Each Driver) 
ENABLES | OUTPUTS 


NOTES: 

H = High level 

~L = Low level 

X = Irrelevant 

Z = High-impedance (OFF) 
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DC AND AC ELECTRICAL CHARACTERISTICS Vcc = 5V 410%, Ta = —55 to +125°C for AM26LS31MF and AM26LS31MN; 
Voc = 5V +5%, Ta = 40 to +85°C for AM26LS31IN and AM26LS311D; 
Voc = 5V +5%, Ta = 0 to +70°C for AM26LS31CN and AM26LS31CD, 
unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | min | Typ! | Max | UNIT 
| Voc = Min., 2.5 3.0 V 







Voc = Min., 
Output Low voltage lo, = 20mMA 


Vec = Max 

Voc = Max 

pw | Input High current Vin=2.7V 
Voc = Max 


| 20 | 
Lael 

OF F-state (high-i d ) 

Ss ereaee al a ines 
fe eae 
Peed! 
pee aed 
or 
foe 
ee 
Les 
aa 






Vec = Min., 
Input clamp voltage lin=—18mA 


[tz | Erato out Tan 2 FO 
Ca : 





Enable to output Ta = 25°C, C, = 10pF 
Enable to output | Ta = 25°C, load? 
| ty Enable to output Ta = 25°C, load? 


NOTES: 
1. All typical values are Ty, = +25°C; Voc = 5.0V. 
2. C. = 30pF; Vin = 1.3V to Vout = 1.3V; Veurse = OV to 3.0V. 


Vou 
Vo 
Vin 
Vit 
Ny 
ly 
Vv 
Power supply current Voc = Max; all outputs disabled 
tLz 
tz. 
12H = 
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Vo OUTPUT VOLTAGE (V) Vo OUTPUT VOLTAGE (V) 


Vou HIGH LEVEL OUTPUT VOLTAGE (V) 


May 5, 1988 


Output Voltage vs | 
Data Input Voltage 


V, DATA INPUT VOLTAGE (V) 


Output Voltage vs 
Enable G Input Voltage 


V; ENABLE G INPUT VOLTAGE (V) 


High Level Output Voltage 
vs Ambient Temperature 


25 50 75 100 125 
Ta AMBIENT TEMPERATURE (°C) 


TYPICAL PERFORMANCE CHARACTERISTICS 


Vo OUTPUT VOLTAGE (V) 


= 
WwW 
< 
a 
oO 
> 
— 
> 
a. 
e 
> 
° 
© 
> 


Vou HIGH LEVEL OUTPUT VOLTAGE (V) 


Output Voltage vs 
Data Input Voltage 


< 


<|< 
919 JO 
QO IO 

1 
PLnpa 
ALopa 
<j<j[< 


es 
ned 


0.5 1 1.5 2 25 3 
Vj DATA INPUT VOLTAGE (V) 


Output Voltage vs 
Enable G Input Voltage 


° 


i] 


5°C 
LOAD = 4702 TO Vcc 


~{ 
> 


1 1.5 2 
V; ENABLE G INPUT VOLTAGE (V) 


High Level Output Voltage 
vs Output Current 


Ee IN 


- 
is 
id 
ea 
hd 
| 
& 
\ 





0 -10 -20 -30 —40 -50 -60 -—70 -80 -90-100 


oH HIGH LEVEL OUTPUT CURRENT (mA) 


380 


Vo OUTPUT VOLTAGE (V) 


Vo OUTPUT VOLTAGE (V) 





Vou LOW LEVEL OUTPUT VOLTAGE (V) 


0 
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AM26LS31 


Output Voltage vs 
Enable G Input Voltage 


Ta = 25°C 
LOAD = 4702 TO GROUND 


3 <j< 
oO oO 
oO a 
i “ 
PTS Ts 
alol fu 
< < 


0.5 1 1.5 : 
Vv; ENABLE G INPUT VOLTAGE (V) 


Output Voltage vs 
Enable G Input Voltage 


0.5 1 1.5 2 2.5 
V,; ENABLE G INPUT VOLTAGE (V) 


Low Level Output Voltage 
vs Ambient Temperature 


vecev | | | | | 
Saniod a alee 


Voc =5V 


Ee 


50 75 100 125 
Ta AMBIENT TEMPERATURE (°C) 
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Product Specification 
Data Communication Products 


DESCRIPTION 

The AM26LS32 and AM26LS33 are 
quad line receivers with the AM26LS32 
designed to meet all of the requirements 
of RS-422 and RS-423 and Federal 
Standards 1020 and 1030 for balanced 
and unbalanced digital data 
transmission. 


The AM26LS32 features an input 
sensitivity of +200mV over the common 
mode input range of +7V. 


The AM26LS33 features an input 
sensitivity of +500mV over the common 
mode input voltage range of +15V. 


The AM26LS32 and AM26LS33 provide 
an enable and disable function common 
to all four receivers. Both parts feature 
3-State outputs with 8mA sink capability 
and incorporate a fail-safe input-output 
relationship which forces the outputs 
high when the inputs are open. 







ORDERING INFORMATION 















16-Pin SO 


[ieFinso—~+| ow +700 +f aweiseaco | 


—40°C to +85°C 


16-Pin Plastic DIP —55°C to +125°C AM26LS33MN 


AM26LS32/AM26LS33 
Quad high-speed differential 
line receivers 


PIN CONFIGURATION 
F, D and N Packages 


FEATURES 
@ Input voltage range of 15V (differential 
or common mode) on AM26LS33; 7V 


(differential or common mode) on 
AM26LS32 


® +0.2V sensitivity over the input voltage 
range on AM26LS32 


® +0.5V sensitivity on AM26LS33 
® 6kQ minimum input impedance 


@ The AM26LS32 meets all the 
requirements of RS-422 and RS-423 


@ Operation from single +5V supply TOP VIEW 





® Fail safe input-output relationship. 
Output always high when inputs are 
open 

@ 3-State drive, with choice of 
complementary output enables, for 
receiving directly onto a data bus 


® 3-State outputs disabled during power 
up and power down 










AM26LS331D 
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ABSOLUTE MAXIMUM RATINGS 


[| outputsink caret ———CSC=~“~*~—~‘~—rC“‘“‘z CS 
a 








. . 


Differential input voltage 


Storage temperature range 


DISSIPATION OPERATING TABLE 


[neuer | sae | Se [EE 
PACKAGE POWER DISSIPATION FACTOR Ta 
ce otro as 









—65 to +150 








DC AND AC ELECTRICAL CHARACTERISTICS Voc = 5.0V +10% for AM26LS32/33MX, Voc = 5.0V +5% for AM26LS32/33CX 


and AM26LS32/331X over operating temperature range unless otherwise 
specified. 
LIMITS 
PARAMETER AM26LS32/33 
| | Min | Typ" 
Differential input voltage 


Vout = Vor or Vou -0.2 
AM26LS32, —7V < Vow < +7V 


| AM26LS33, -15V < Voy < +15V ~0.5 
Input resistance ~15V < Vom < +15V 
~ (One input AC ground) 
Input current Vin = +15V 
(under test) Other input —10V < Vin < +15V 
Input current Vin =-15V 
(under test) Other input +10V < Vin <—-15V 
Com’ 3.4 


Mil 


VtH 
Rin 
lin 
lin 
Voi Output LOW voltage Voc = Min., lo. = 4.0mA 
VENABLE = 0.8V 
AVin = +1.0V 
lot = 8.O0mA 








TEST CONDITIONS 





0 
0 


. 
1 









mA 


2 
5 
2.3 


3 
> 


Vo Output HIGH voltage 









Vec = Min., lon = —440yA 
AVin = +1 OV 
VeNnaBLe = 0.8V 





| 
ho 
co 


O1row 
ols 


. 0.4 





0 


oa 
On 


Enable LOW voltage 
Enable HIGH voltage 
Enable clamp voltage 


Off state (high impedance) 
output current 








, Voc = Min., lin =—-18mA 
Voc = Max. Vo = 2.4V 


an 
a 








MR 
oS 


2.5 
a 
pod 
a 
9 


i 
nh 
oO 


pA 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = 5.0V +10% for AM26LS32/33MX, Vcc = 5.0V +5% 


for AM26LS32/33CX and AM26LS32/331X over operating 
SYMBOL PARAMETER 


temperature range unless otherwise specified. 
LIMITS 
Pn | Enable LOW current Vin = 0.4V P| 
Enable HIGH current Vin = 2.7V Nese, come 











TEST CONDITIONS 





Enable input HIGH current Vin = 5.5V 
Output short circuit current Voc = Max., -15 
AVin = +1V, Vout = OV 
Power supply current Vcc = Max.; All Vin = GND outputs 
disabled 


Ta = 25°C, AM26LS32 


Voc = 5.0V, Vey = OV 
AM26LS33 


Ta = 25°C, Veco = 5.0V 
C, = 15pF (see test condition) 


Enable to output Ta = 25°C, Voc = 5.0V 
C, = 5pF (see test condition) 

Enable to output Ta = 25°C, Voc = 5.0V 
C, = 5pF (see test condition) 


Enable to output Ta = 25°C, Veco = 5.0V 
C, = 15pF (see test condition) 
t Enable to output Ta = 25°C, Voc = 5.0V 
on = 15pF 


NOTE: 
1. All typical values are Ty = 25°C, Vcc = 5.0V. 



























tz 
tuz 
tz 
ZH 


FUNCTION TABLE (EACH RECEIVER) 


DIFFERENTIAL ENABLES OUTPUT 
INPUT 


Vio < Vit 









m 


re) KO] KE 
<I] TK] TX] Mm 


| 


Lc 





NOTES: 

H = High level, L = Low level, X = Irrelevant 
Z = High impedance (off), ? = Indeterminate 
E = Enable, E = Enable 
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INPUT 


FROM OUTPUT 
| ENABLE __ 
UNDER TEST ona 
ALL DIODES 
CL INCLUDES 1N916 OR 
PROBE AND JIG 1N3064 RMALLY 
NORMALLY 


CAPACITANCE 


Se 


Load Test Circuit for 3-State Outputs 


Enable and Disable Tmes2 3:4 


OUTPUT 


OPPOSITE 
PHASE 


INPUT 
TRANSITION 


Propagation Delay’ 4 


NOTES: 

1. Diagram shown for Enable Low. 

2. Enable is tested with Enable High; Enable is tested with Enable Low. 

3. $4 and So of Load Circuit are closed except where shown. 
4. Pulse Generator for All Pulses: Rate < 1.0MH2z; Zo = 509; ty < 15ns; tf < 6.0ns. 
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July 20, 1990 


Status Preliminary Specification 
Data Communication Products 


DESCRIPTION 

The AM26LS32B is a quad line receiver 
designed to meet all of the requirements 
of RS-422 and RS-423, CCITT V.10 and 
V.11 and Federal Standards 1020 and 
1030 for balanced and unbalanced 
digital data transmission. 


The AM26LS32B features an input 
sensitivity of +100mV over the common 
mode input voltage range of OV to +5V 
and +200mV over the common mode 
input voltage range of —7V to +12V. 


The AM26LS32B guarantees a 
minimum hysteresis and propagation 
delay skew resulting in a higher noise 
margin and better system performance. 


The AM26LS32B provides an enable 
and disable function common to all four 
receivers. It features 3-State outputs 
with 24mA sink capability and 
incorporates a fail-safe input-output 
relationship which keeps the outputs 
high when the inputs are open. 


ECN No. 


Date of Issue 


ORDERING INFORMATION 






AM26LS32B 
Quad high-speed differential 
line receivers 


PIN CONFIGURATION 
D and N PACKAGE 


FEATURES 
© +100mV sensitivity over the input 
range of OV to 5V 


@ +200mV sensitivity over the Vow range 


© Typical input voltage hysteresis of 
120mV 


@ 3V maximum open circuit voltage 


@ Three state outputs disabled power up 
and power down 


@ All AC and DC parameters guaranteed 
over operating temp range 


® Single +5V supply 





@ Advance low-power Schottky 
processing 










AM26LS32BIN 
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ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired.) 
SYMBOL PARAMETER RATING 
Power supply foe ec 
VTH 













V 
2V | V 

P| Gommonmoderange ST SCC 
[Viv | Ditorentatinputvottge «TSC CS 
eee eee 






7 
7 
: 50 | 
+25 
i +30 
Thermal impedance °C/W 


PACKAGE POWER DISSIPATION DERATING TABLE 


PACKAGE | POWER DISSIPATION AT T, = 25°C | DERATING FACTOR ABOVE Ta 
| 1,275mW 10.2mW/°C 
a 1,262mW 10.1mW/°C 


DC ELECTRICAL CHARACTERISTICS 
Voc = 5.0V +10% for AM26LS32BMxX, Vcc = 5.0V +5% for AM26LS32BCX over operating temperature range unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS 
VtH Differential input voltage Vout = Voi OV < Vem < 5V ~100 
or Vou —7V<s Vom <+12V —200 
; ~15V < Voy $ +15V 
Vin = +15V 
Sow | input current (under test) Ginze input 18V cVysei5V 
Vin = -15V 
Sin | Input current (under test) Other out FisV < Vin <—15V -—2.8 Pe! 
Vo Output HIGH voltage Vcc = min., | 
lon = -12mA 20). © 

































PO 
aN 


AVin = +1.0V 
| 


Ven = 0.8V 










Output LOW voltage Voc = min., 


AVin = —1.0V 
Ven = 0.8V 


lon = 16mA 
lon = 24mA 


Rin 
lin 
H 
Enable clamp voltage Voc = min, ly = -1.8mA -1.5 


Nh 
Oo 





Off state (high impedance) output current | Voc = max 


Vin = 5.5V 
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DC ELECTRICAL CHARACTERISTICS (Continued) 










AC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER TEST CONDITIONS 


Propagation delay, input to output 


Propagation delay skew, te. y — tey. 


C.< 50pF 
(see test circuit) 





Output disable time, EN to OUTPUT C, = 5pF 


SYMBOL PARAMETER TEST CONDITIONS 
Vec = max, all Vin = GND 
Power supply current ee outputs aeccied 
Input hysteresis : Voc = 5.0V, Voy = OV 
Open circuit input voltage nee et ed 


Cin 





1 





(see test circuit) 
NOTES: 


1. AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


2. Voc = BV 


V 
2802 - 


ALL DIODES 
1N916 OR 
1 


N3064 
So | 
SWITCHING TEST CIRCUIT 


FOR THREE STATE OUTPUTS 


FROM OUTPUT 
UNDER TEST 


CL INCLUDES 
PROBE AND JIG 
CAPACITANCE 





VOH 
ouTPUT ———- f —_— \ —— 1.3V 


ats ete ot 

OPPOSITE Pee PHL +1.0V 
PHASE at Piece 
INPUT ov 

TRANSITION ~1.0V 

Noes pear ee 

1. Diagram thown for Enable LOW. 

2. S41 and So of Load Circuit are closed except where shown. 

3. Pulse Generator for All Pulses: Rate < 1.0MH2z; Zo = 50Q; t, < 2.5ns; ty < 2.5ns. 


Figure 1. 


July 20, 1990 387 


OUTPUT 


3.0V 

ENABLE _ Rea re tess seed 
INPUT 1.3V 
Lotz DY 

0.5V 





OUTPUT 


2 
S1 OPEN y, r 
GH —— _oV 0.5V 


NORMALLY 
HI 





-1.5V 


ft Vor 
tZH tHz 


Oe Sepe os 
VOH 
~1.5V 


ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 
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Status Product Specification 
Data Communication Products 


DESCRIPTION 

The MC145406 is a silicon-gate CMOS 
IC that combines 3 drivers and 3 
receivers to fulfill the electrical 
specifications of standards E!A-232-D 
and CCITT V.28. The drivers feature 
true TTL input compatibility, slew-rate 
limited output, 300Q power-off source 
impedance, and output typically 
switching to within 25% of the supply 
rails. The receivers can handle up to 
+25V while presenting 3 to 7kQ 
impedance. Hysteresis in the receiver 
aids reception of noisy signals. By 
combining both drivers and receivers in 
a single CMOS chip, the MC145406 _ 
provides efficient, low-power solutions 
for EIA-232-D and V.28 applications. 






Document No. 
ECN No. 


Date of Issue 





ORDERING INFORMATION 









DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP 0°C to +70°C MC 145406N 
16-Pin SOL 0°C to +70°C MC 145406D 


MC145406 
EIA-232-D/V.28 driver/receiver 


FEATURES PIN CONFIGURATION 


Drivers — 
@ +5 to +12V supply range 


D and N Packages 


®@ 300Q power-off source impedance 

© Output current limiting 

e TTL compatible 

® Maximum slew rate = 30V/us 

Receivers 

@ +25V input voltage range over the full 
supply range 

®@ 3 to 7kQ input impedance 

@ Hystersis on input switchpoint 


General R = Receiver 





@ Very low supply currents for long 
battery life 


® Operation is independent of power 
supply sequencing 


APPLICATIONS 
@ Modem interface 


® Voice/data telephone interface 
@ Lap-top computers 
© UART interface 
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_ EIA-232-D/V.28 driver/receiver MC145406 





BLOCK DIAGRAM 


RECEIVER 


DRIVER 


HYSTERESIS 











SYMBOL PIN DESCRIPTION 


Positive power supply. The most positive power supply pin, which is typically 5 to 12 volts. 








Negative power supply. The most negative power supply pin, which is typically —5 to —12 volts. 











Digital power supply. The digital supply pin, which is connected to the logic power supply (maximum +5.5V), 


Ground. Ground return pin is typically connected to the signal ground pin of the EIA-232-D connector (Pin 7) 
as well as to the logic power supply ground. 


ZIiO [wm |O 
Oe [2 jo 
















RX1, RX2, RX3_ ‘| Receive Data Input. These are the EIA-232-D receive signal inputs whose voltages can range from +25 to 
—25V. A voltage between +3 and +25 is decoded as a space and causes the corresponding DO pin to swing 
to ground (OV); a voltage between —3 and —25V is decoded as a mark and causes the DO pin to swing up to 
Voc. The actual turn-on input switchpoint is typically biased at 1.8V above ground, and includes 800mV of 
hysteresis for noise rejection. The nominal inputimpedance is 5kQ. Anopenor grounded input pinis interpreted 


as a mark, forcing the DO pin to Vcc. 









FINO. 
ao 
i 






Data Output. These are the receiver digital output pins, which swing from Vcc to GND. A space on the RX 
pin causes DO to produce a logic zero; a mark produces a logic one. Each output pin is capable of driving one 
LSTTL input load. 


Data Input. These are the high-impedance digital input pins to the drivers. TTL compatibility is accomplished 
by biasing the input switchpoint at 1.4V above ground. However, 5V CMOS compatibility is maintained as well. 
Input voltage levels on these pins must be between Vcc and GND. 


11, 13,15 | DO1, DO2, DOS 
10, 12,-14 DI1, Dl2, DI3 


TX1, TX2, TX3 











Transmit Data Output. These are the ElA-232-D transmit signal output pins, which swing toward Vpp and Vss. 
Alogic one ata DI input causes the corresponding TX output to swing toward Vss. Alogic zero causes the output 
to swing toward Vpp (the output voltages will be slightly less than Vpp or Vsg depending upon the output load). 
Output slew rates are limited to a maximum of 30V/us. When the MC 145406 is off (Vpp = Vss = Vcc = GND), 
the minimum output impedance is 300Q. 
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EIA-232-D/V.28 driver/receiver x MC145406 





ABSOLUTE MAXIMUM RATINGS 


[SYMBOL PARAMETER [RATING | ‘UNIT | 
[Ves _[Suppyvolage ——=SCSC~C~idtC*‘“‘“s SOG CdSC CC” 
Veo [Supply volage ——=Ss=C~=~“*é‘dtCSCSC*‘“‘t STC 


Input voltage range 
Vir RX~3 inputs (Vss— 15) to(Vpp + 15) | V 
Dl,-3 inputs —0.5 to (Voc + 0.5) 


PBC eurentpernin Sid SSS TOO S*dYC A 

| Pp | Power dissipation (package) Pw 

a Thermal impedance ‘ package 
package 105 


NOTE: This device contains protection circuitry to protect the inputs against damage due to high static voltages or electric fields; however, itis advised 
that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper 
operation, it is recommended that the voltages at the DI and DO pins be constrained to the range GND < Vp; < Vop and GND < Vpo < Vcc. Also, 
the voltage at the RX pin should be constrained to +25V, and TX should be constrained to Vss < Vtx1-3< Vpp. Unused inputs must always be tied 
to an appropriate logic voltage level (e.g., GND or Vcec for DI, and Vsg or Vpp for RX). 


















DC ELECTRICAL CHARACTERISTICS Typical values are at Ta = 0 to 70°C; GND = OV, unless otherwise specified. 


| | LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 


DC supply voltage 


So es ee ee 
poe 


















| 45 | 50 | 55 





5.0 
[ope CdOC‘dSCi 
[Wegz=tev Sid 
ee 


RECEIVER ELECTRICAL CHARACTERISTICS Typical values are at T, = 0 to 70°C; GND = OV; Vop = +5 to +12V; Vsg =—5 to 


. —12V; Voc = +5V +5%, unless otherwise specified. 


. LIMITS . 
SYMBOL PARAMETER TEST CONDITIONS . 


[Von-Vorr finputthresholdtysteresis AXi-s | _—Veo=80Va5% ——~«| 06 | os | | Vv _| 
High level output voltage DO ;_3 lou = —20HA, Voc = +5.0V | 49 | 50 | | ov | 
[lors 2A, Voo=50V | | 

eee atl 


lo. = +4mA, Voc = +5.0V 


0 
0 


F 
9) 


loc 


5.5 
40 
[00 


























Vraxi-3 = +3V to (Vpp+1 5V)! 


NOTE: : 
1. This is the range of input voltages as specified by EIA-232-D to cause a receiver to be in the high or low logic state. 
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EIA-232-D/V.28 driver/receiver MC145406 





DRIVER ELECTRICAL CHARACTERISTICS Typical values are at Ta = 0 to 70°C; GND = OV; Voc = +5V 45%, unless otherwise 


specified. 


SYMBOL PARAMETER TEST CONDITIONS 





































| | Min | tye | Max | 
Mi | Belinea ig | eee ve 
Output high voltage TX -2 Von = +5.0V, Vsg = -5.0V | 35 [ 41 [| [vi | 
Output low voltage’ TX4-3 Vpp = +5.0V, Vss = —5.0V Pees Poeag. | 
Vo. | Voii-g = Logic 0, Ry = 3.0k2 Vop = +6.0V, Vsg = -6.0V 45 | 82 | fv 
NOTE: | 


1. The voltage specifications are in terms of absolute values. 


2. Specification is for one TX output pin to be shorted at a time. Should all three driver outputs be shorted simultaneously, device power dissi- 
pation limits will be exceeded. 
3. This condition could exceed package limitations. 


SWITCHING CHARACTERISTICS Typical values are at Ty = 0 to 70°C; Voc = +5V +5%, unless otherwise specified. 


(See Figures 2 and 3) 
SYMBOL PARAMETER TEST CONDITIONS 
Drivers 


Propagation delay time TX 4-3 Low-to-High R, = 3kQ, C. = SO0pF 


Propagation delay time TX4_3 High-to-Low R, = 3kQ, C; = 50pF 


Output slew rate TX4-3 R. = 7kQ, Cy = OpF, 
' SR (minimum load) ~ Vpp =6 to 12.0V, Vsg = -6 to -12V 
Output slew rate TX 4-3 Rp = 7kQ, C, = 2500p F, 
_ | (maximum load) Vop = 12V, Vsg = -12V 


Receivers (C, = 50pF) é 













i+ 
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EIA-232-D/V.28 driver/receiver 


MC145406 








Figure 1. Power-Off Source Resistance 
(Drivers) 


DRIVERS 


Di4-3 


tPHL 


RECEIVERS 


Figure 2. Switching Characteristics 










DRIVERS 








TX4-3 
—3V 


'SLH ‘SHL 
SLEW RATE (SR) = ~3V -3V 3V-(-3V) 
tSLH tSHL 


Figure 3. Slew Rate Characterization 
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APPLICATIONS INFORMATION | 
The MC 145406 has been designed to meet the 
electrical specifications of standards 


- EIA-232-D/CCITT V.28 and as such, defines 


the elctrical and physical interface between 
Data Communication Equipment (DCE) and 
Data Terminal Equipment (OTE). A DCE is 
connected to a DTE using a cable that typically 
carries up to 25 leads, which allow the transfer 
of timing, data, control, and test signals. The 
MC145406 provides the necessary level 
shifting between the TTL/CMOS logic levels 
and the high voltage levels of EIA-232-D 
(ranging from +3 to +25V). 


DRIVERS 

As defined by the specification, an EIA-232-D 
driver presents a voltage of between +5 to +15V 
into a load of between 3 to 7kQ. A logic one at 
the driver input results in a voltage of between 
—5 to -15V. A logic zero results in a voltage 
between +5 to +15V. When operating at +7 to 
+12V, the MC 145406 meets this requirement. 
When operating at +5V, the MC 145406 drivers 
produce less than +5V at the output (when 
terminated), which does not meet the 
EIA-232-D specification. However, the output 
voltages when using a +5V power supply are 
high enough (around +4V) to permit proper 
reception by an ElA-232-D receiver, andcanbe 
used in applications where strict compliance to 
EIA-232-D is not required. 


Another requirement of the MC 145406 drivers 
is that they withstand a short to another driver 
in the ElA-232-D cable. The worst-case 
condition that is permitted by EIA-232-D is a 
+15V source that is current limited to 500mA. 
The MC145406 drivers can withstand this 
condition momentarily. In most short circuit 
conditions the source driver will have a series 
300Q output impedance needed to satisfy the 
EIA-232-D driver requirements. This will 
reduce the short circuit current to under 40mA 
which is an acceptable level for the MC 145406 
to withstand. 


Unlike some other drivers, the MC145406 
drivers feature an internally-limited output slew 
rate that does not exceed 30V/us. 
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RECEIVERS — 

The job of an EIA-232-D receiver is to level-shift 
voltages in the range of —25 to +25V down to 
TTLUCMOS logic levels (0 to +5V). A voltage of 
between —3 and —25V on RX; is defined as a 
mark and produces a logic one at DO;. A 
voltage between +3 and +25V is a space and 
produces a logic zero. While receiving these 
signals, the RX inputs must present a 
resistance between 3 and 7kQ. Nominally, the 
input resistance of the RXj_3 inputs is 5.O0kQ. 


The input threshold of the RX4_3 inputs is 
typically biased at 1.8V above ground (GND) 
with typically 800mV of hysteresis included to 
improve noise immunity. The 1.8V bias forces 
the appropriate DO pin to a logic one when its 
RX input is open or grounded as called for in 
EIA-232-D specification. Notice that TTL logic 
levels can be applied to the RX inputs in lieu of 
normal ElA-232-D signal levels. This might be 
helpful in situations where access to the 
modem or computer through the EIA-232-D 
connector is necessary with TTL devices. 
However, it is important not to connect the 
EIA-232-D outputs (TX,) to TTL inputs since 
TTL operates off +5V only, and may be 
damaged by the high output voltage of the 
MC 145406. 


The DO outputs are to be connected to a TTL 
or CMOS input (such as an input to a modem 
chip). These outputs will swing from Vcc to 
ground, allowing the designer to operate the 
DO and DI pins from the digital power supply. 
The TX and RX sections are independently 
powered by Vpp and Vss so that one may run 
logic at +5V and the EIA-232-D signals at+12V. 


POWER SUPPLY 


CONSIDERATIONS 

The Signetics MC 145406 is not sensitive to 
power supply sequencing and does not require 
the special protection circuitry of other designs. 
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Status Product Specification 


Data Communication Products 


DESCRIPTION 

The MC1488 is a quad line driver which 
converts standard DTL/TTL input logic 
levels through one stage of inversion to 
output levels which meet EIA Standard 
No. RS-232C and CCITT Recommenda- 
tion V.24. 












Document No. 
ECN No. 


Date of Issue 


CIRCUIT SCHEMATIC 


1/4 CIRCUIT 


MC1488 


Quad line driver 


FEATURES 
® Current limited output: +10mA Typ 


® Power-off source impedance: 
3002 min 


@ Simple slew rate control with external 
capacitor 


@ Flexible operating supply range 


@ Inputs are DTL/TTL compatible 


APPLICATIONS 
© Computer port driver 


@ Digital transmission over long lines 
@ Slew rate control 


@ TTL/DTL-to-MOS translation 
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PIN CONFIGURATION 
D, F, N Packages 


TOP VIEW 


Vcc 

INPUT 4B 
INPUT 4A 
OUTPUT 4 
INPUT 3B 
INPUT 3A 


OUTPUT 3 
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Quad line driver | MC1488 





ORDERING INFORMATION 


14-Pin Ceramic DIP 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 






















Vcc 
ee ee 
Vin Input voltage —15<Vin< 7.0 
Ta 






FM co | 
Maximum power dissipation, Ta = 25°C 
(still-air)' 
F package 1190 mW 
N package 1420 mW 
D package 1040 mW 


Pe eee Operating ambient temperature range °C 
| Storage temperature range —65 to +150 °C 
Lead soldering temperature (10sec max) °C 


NOTE: 

1. Derate above 25°C, at the following rates: 
F package at 9. 5mW/°C. 
N package at 11.4mW/C. 
D package at 8.3mW/°C. 
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Quad line driver | MC1488 





DC AND AC ELECTRICAL CHARACTERISTICS V+ = +9.0V 21%, V— = -9.0V 41%, Ta = 0°C to +75°C, unless otherwise 
specifed. All typicals are for V+ = 9.0V, V— = —9.0V, and Ta = 25°C! 


—_ 
SYMBOL PARAMETER TEST CONDITIONS UNIT 
Vi Logic “O”" input current Vin = OV -1.0 ee 6 mA 
Vit Logic “1” input current Vin = +5.0V 


0.005 | 10.0 yA 
Vou High level output voltage 
V+ =13.2V 
V—=-13.2V 






























inet 
eee 
15.0 20.0 


19.0 25.0 
25.0 34.0 


Voi Low level output voltage 





hue 13.2V 


=-13.2V 
High level output Vout = OV 
ad short-circuit current Vin = 0.8V 
I Low level output Vout = OV 
oC short-circuit eurent Vin = 1.9V 
V+=V-=0V 
| Vout = +2V 


V+ = 9.0V, V-=-9.0V 
V+=12V, V-=-12V 
V+ = 15V, V-=-15V 





oO 

























Positive supply current He 


(output open) 






V+ = 9.0V, V- = -~9.0V 4.5 6.0 
Vin=0.8V | V+=12V, V-=-12V 5.5 7.0 
V+ = 15V, V—- = -15V 
V+ =9.0V, V— = -9.0V 
Negative supply current Vin=1.9V | V+=12V, V—-=-12V 





(output open) V+ = 15V, V-=-—15V 
V+ =9.0V, V— =-9.0V 
V+=12V, V-=-12V 


V+ = 15V, V-=-15V 






Maximum power dissipation, T, = 25°C (still—air)@ 
F package 
N package 
D package 


Propagation delay to “1” R, = 3.0kQ, C, = 15pF, Ta = 25°C 
cele delay to “O” R, = 3.0kQ, Cy = 15pF, Ta = 25°C 


ee C= Tepe Ta = 25°C 








NOTES: 
1. Voltage values shown are with respect to network ground terminal. Positive current is defined as current into the referenced pin. 
2. Derate above 25°C, at the following rates: 

F package at 9.5mW/°C. 

N package at 11.4mW/C. 

D package at 8.3mW/°C. 


November 14, 1986 395 


Philips Components—Signetics Data Communication Products 26 Product Specification 





Quad line driver . . MC1488 





TYPICAL PERFORMANCE CHARACTERISTICS 


1/4 MC1489/ 
T?7UDTL 1/4MC1488 MC1489A 


INTERCONNECTING 
CABLE 


1/4 MC1489/ 
TUDTL MC1489A 


< 
E 
- 
z 
uJ 
«c 
> 
oO 
- 
=~ 
a 
- 
~ 
© 
i 
2 


INTERNAL DATA 
TERMINAL 
EQUIPMENT 


=16 -12 -8 -4 0 8 
Vg OUTPUT VOLTAGE (V) 


NOTE: 
“Optional for noise filtering 


Output Voltage and Current-Limiting 





Characteristics RS-232C Data Transmission 
AC LOAD CIRCUIT APPLICATIONS TYPICAL APPLICATIONS 
By connecting.a capacitor to each driver output 
the slew rate can be controlled utilizing the out- +12V 
put current—limiting characteristics of the 
MC 1488. Foraset slew rate the appropriate ca- 1/4 MC 1488 


pacitor value may be calculated using the fol- 
lowing relationship 


= Isc(AT/AV) 


where C is the required capacitor, Isc is the 
short-circuit current value, and AV/AT is the -12V 4 ~12V 


NOTE: slew rate. 


“C, includes probe and jig capacitance. DTL/TTL-to-MOS Translator 





RS-232C specifies that the output slew rate 
must not exceed 30V/,s. Using the worst-case 


SWITCHING WAVEFORMS output short-circuit current of 12mA in the ‘3 


above equation, calculations result in a re- 1/4 MC 1488 
quired capacitor of 400pF connected to each 
output. 


-12V 
DTL/TTL-to-HTL Translator 


NOTE: 
ty and t; are measured between 10% and 90% of 


+12V 
the output waveform. , 





1/4 MC 1488 


-12V. -43.0V 7 
DTL/TTL-to-RTL Translator 
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Status Product Specification 
Data Communication Products 


DESCRIPTION 

The MC1489/MC1489A are quad line 
receivers designed to interface data 
terminal equipment with data 
communications equipment. They are 
constructed on a single monolithic 
silicon chip. These devices satisfy the 
specifications of EIA standard 

No. RS-232C. 











Document No. 
ECN No. 


Date of Issue 


ORDERING INFORMATION 
DESCRIPTION 
14-Pin Plastic DIP 
14-Pin Plastic DIP 
14-Pin Cerdip 
14-Pin Cerdip 
14-Pin Plastic SO 
14-Pin Plastic SO 























EQUIVALENT SCHEMATIC 


(1/4 OF UNIT SHOWN) 


RESPONSE 


NOTES: 
1. MC1489: Rr = 10kQ 
2. MC1489A: RF = 2kQ 


0°C to +70°C 
0°C to +70°C 


0°C to +70°C 


Re 
K 


CONTROL ss dae pike 
4 
INPUT O-——v-_@—6- 


MC1489/MC1489A 


Quad line receivers 


FEATURES 


@ Four totally separate receivers per 
package 


@ Programmable threshold 

@ Built-in input threshold hysteresis 
© “Fail safe” operating mode 

@ Inputs withstand +30V 
APPLICATIONS 

@ Computer port inputs 

® Modems 

@ Eliminating noise in digital circuitry 
@ MOS-to-TTL/DTL translation 


2K 


~--Q OUTPUT 
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PIN CONFIGURATION 
D, F, N Package 


RESPONSE | 2 | 
CONTROL 1 


INPUT 2 


RESPONSE 
CONTROL 2 


TOP VIEW 


RESPONSE 
CONTROL 4 


INPUT 3 


RESPONSE 
CONTROL 3 
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Quadlinereceivers = | | MC1489/MC1489A 








ABSOLUTE MAXIMUM RATINGS VOLTAGE WAVEFORMS 


SYMBOL PARAMETER RATING 
| Vcc | Power supply voltage —— — — 3.0V 
ad, . we 
INPUT | . | , ov 

=a <— = t 
OUTPUT a 
HF 1.sv 
eS 10 
‘PD1 




















- Output load current 


Vec 
Vin 
Maximum power dissipation, 
Ta = 25°C (still-air)' 
NOTE: | | 
1. Derate above 25°C, at the following rates: 
F package at 9.5mW/°C 


N package at 11.4mW/°C 
D package at 8.3mW/°C 


DC ELECTRICAL CHARACTERISTICS Vcc = 5.0V +1%, 0°C < Ta < +75°C, unless otherwise specified.': 2 


SYMBOL PARAMETER TEST CONDITIONS 
Ta = 25°C, Vout < 0.45V, : 
Input high threshold voltage lout = 10mA 1.0 
/ Ta = 25°C, Vout 2 2.5V, 
Input low threshold voltage sue =0 anh 0.75 


Input current 
Vou 
Vou 






F package 1190 mW 
N package 1420 mW 
D package 1040 mW 






v 
mA 
‘ppo a 


























Output high voltage Vin = 0.75V, Iqut = -0.5mA 


Input = Open, lout = -0.5mA 
Output low voltage Vin = 3.0V, lout = 10mMA 


Power dissipation 
NOTES: 


1. Voltage values shown are with respect to network ground terminal. Positive current is defined as current into the referenced pin. 
2. These specifications apply for response control pin = open. _ 


AC ELECTRICAL CHARACTERISTICS Vcc = 5.0V 41%, Ta = 25°C, unless otherwise specified.’ 2 


SYMBOL PARAMETER TEST CONDITIONS 
Input to output “high” Sates * 
feo Propagation delay Ry = 3.9kQ (AC test circuit) 
Input to output “low” . tdi 
to Propagation delay R,_ = 390Q (AC test circuit) 
Output fall time Ri = 390Q (AC test circuit) 
NOTES: 


1. Voltage values shown are with respect to network ground terminal. Positive current is defined as current into the referenced pin. 
2. These specifications apply for response control pin = open. 















n 
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Quad line receivers MC1489/MC1489A 





AC TEST CIRCUIT 


RESPONSE 
CONTROL 
= OPEN 


INCLUDING 
JIG AND PROBE 





TYPICAL APPLICATIONS 


1/4 MC1489/ 
TUDTL 1/44 MC 1488 MC1489A TUDTL 


INTERCONNECTING TUDTL 


ie ) 
1/4 MC 1489/ = ie 
MC1489A TL/DTL ! L— 


~~“ “he 
C }+ Of fae vaMciasy =f ) 


1/4 MC1488 MC1489A Ue cts 


INTERNAL DATA 


TERMINAL 
EQUIPMENT 


NOTE: 
“Optional for noise filtering 


RS-232C Data Transmission MOS-to-TTL/DTL Translator 
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Document No. 
ECN No. 


Date. of Issue 


December 1988 


Status Preliminary Specification . 
Data Communication Products 


DESCRIPTION 

The NE5080 is the transmitter chip, of a 
two-chip set, designed to be the heart of 
an FSK modem. (The NE5081 is the 
receiver chip.) The chips are compatible 
with the IEEE 802.4 standard for a 
“Single-Channel” Phase-Continuous- 
FSK Token Bus.” The specifications 
shown in this data sheet are those 
guaranteed when the transmitter is 
tuned for the frequencies given in the 
802 standard. However, both the 
NE5080 and the NE5081 may be used 
at other frequencies. The ratio of logic 
high to logic low frequencies is normally 
at 1.67 to 1.00 at any center frequency; 
however, it can be varied externally. 
(See AN1950.) 


ORDERING CODE 





DESCRIPTION 


16-Pin Plastic DIP 


BLOCK DIAGRAM 








> 


TEMPERATURE ORDER CODE 
RANGE 


0°C to +70°C 


NE5080 
High-speed FSK modem 
transmitter | | 


FEATURES - PIN CONFIGURATION 
® Meets IEEE 802.4 standard 


® Data rates to several Megabaud 


N Package 


@ Half- or full-duplex operation 


e Jabber function on-chip JABBER FLAG [2 


APPLICATIONS 


®@ Local Area Networks TRANSMIT (51 
GATE 


FSK OUTPUT [6 | 
CABLE GND 


@ Point-to-point communications 
®@ Factory automation 
® Process control 


® Office automation TOP VIEW 









NES080N 





CURRENT 
CONTROLLED 
OSCILLATOR 


TRIANGLE oO JABBER FLAG 
TO SINE 


CONVERTER 


JABBER 
CONTROL 


I~ 


C4 
TRANSMITTER 
—" FSK OUTPUT 


= CABLE GND 


OUTPUT 
BUFFER 
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High-speed FSK modem transmitter 


GENERAL DESCRIPTION 

The NE5080 is designed to transmit high fre- 
quency asynchronous data on coaxial cable, at 
rates from DC to 2M baud (see Note 1). The 
chip accepts serial data and transmits it as a 
periodic signal whose frequency depends on 
whether the data is high or low. 


The device is meant to operate at a frequency 
of 6.25MHz for a logic high and 3.75MHz for a 
logic low (see Note 2). The frequency is set up 
by external trimming components; however, 
the ratio of the high and low frequencies is set 
internally and cannot be altered. 


The FSK output can be turned off by use of the 
transmit gate pin. When turned off, the trans- 
mitter has a high output impedance and the os- 
cillator is disabled. 


The length of time a transmitter can transmit 
can be controlled by the use of the Jabber con- 
trol pin (see description of Jabber Control Pin). 


Jabber Control Pin 

During the time the transmitter is transmitting, 

this pin sources a current. This current can be 

used to set the maximum time that the transmit- 

ter can be on. There are three options that can 

be used: 
1. Use the current to charge a capacitor. 
When the voltage across the cap gets to 
approximately 1.4V, the transmitter will 
turn off. A logic low applied to Pin 3 will 
reset the Jabber function; an open collec- 
tor output should be used for this pur- 
pose. A logic high applied to the pin will 
disable the transmitter. 


2. Use to externally sense the current and 
have external circuitry to control the 
length of time the transmitter is on. 


3. The pin can be tied to ground and is 
then not active. Transmission is then con- 
trolled solely by the signal at the transmit 
gate pin. 


Jabber Flag Pin 

This pin will go to a logic high when the Jabber 
Control pin is used to shut off the transmitter. It 
will latch and can be reset by applying a logic 
low to the Jabber Control pin. 


NOTES: 

1. The NE5080 is capable of transmitting up 
to 1M baud of differential Manchester 
code at a center frequency of 5MHz. 

2. Although the chip is designed to meet the 
requirements of IEEE standard 802.4 (To- 
ken-Passing Single-Channel Phase-Con- 
tinuous-FSK Bus), it can be used at other 
frequencies. 
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NE5080 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 





Vin Input voltage range (Data, Gate) 
Operating temperature range 


Storage temperature range 





V 

°C 
°C 
°C 


Lead temperature (soldering, 10sec 


—65 to +150 


OSC 1: One end of the external capacitor used to set the carrier frequency. 


Jabber Flag: This pin goes to a Jogic high if the transmitter attempts to 
transmit for a longer time than allowed by the Jabber control function. 


Jabber Control: Used to control transmit time. See note on Jabber function. 
Voc: Voltage supply. 


Transmit Gate: A logic flow on this pin will enable the transmitter; a logic 
high will disable tt. 


Transmitter FSK Output 


Cable Ground: The shield of the coax cable should be connected to this pin 
and to Pin 11. 


Voce: Connect to Pin 4 close to device. 

No Connection 

No Connection 

Ground 2: Connect to Analog ground close to device. 


OSC 3: A variable resistor between this point and ground is used to set the 
carrier frequencies. 


Ground 1: Connect to Analog close to device. 
Data Input 


Regulator Bypass: A bypass capacitor between this pin and Vcc Is 
required for the internal voltage regulator function. 


OSC 2: One end of a capacitor that is between Pin 1 and Pin 16 and 
is used to set the carrier frequency. 
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DC ELECTRICAL CHARACTERISTICS. Veo), = 4.75-5.25V, Ta = 0°C to +70°C. 


| SYMBOL PARAMETER TEST CONDITIONS 














Cain] Tye 































Output frequency (Logic high) Data input >2.0V (See Note 1) H 
Retin’. <3 Output frequency (Logic low) Data input <0.8V (See Note 1) 
| Data input >2.0V or <0.8V | 
esata euutload S020 x22 p05 | te | ve | 
Output impedance (gated off) Transmit gate >2.0V | io f =| | ka 
Output impedance (gated'on) Transmit gate <0.8V | fi 7 fo | 
. Transmit gate >2.0V 
decal : 2.0MHz sq. wave (TTL levels) input ft | mvs 
Transmit gate <0.8V 
Supply current | Ves connected to Voce | | 75 | 100 | ma | 
Logic levels 
Data Input 
Vin Logic high . Input high voltage 2.0 V 
Vit Logic low | , Input low voltage 0.8 Vo 
ly Input current Vin = 2.4V : 40 LA 
hie Input current Vin = 0.4V -1.6 mA 
Transmit gate | | : | | 
Vin Logic high Input high voltage 2.0 V 
Vie Logic low | Input low voltage 0.8 V 
hy Input current VG =2.4V 40 pA 
it Input current VG =0.4V —1.6 mA 
Jabber flag , 
Logic high 2.4 
Logic low 0.4 
Jabber control 
Logic high Input high voltage 2.0 
Logic low Input low voltage 








NOTE: 
1. Tuned per instructions in AN195. 


AC ELECTRICAL CHARACTERISTICS 


; LIMITS 
SYMBOL PARAMETER TO FROM TEST CONDITIONS 


[+ [am | eg fomin | ree [| 
fe [ome | ats | ome [me ffm 
om 
Peto! Reet ad 
al <i 


‘ Output : 


Jabber control reset 100 
Pulse width (Logic low) 
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TRANSMITTER 
GATE 


JABBER CONTROL foe 


OUTPUT MI\N\y-r 


Figure 4. Delay Time, tc 


| | 
~«— ts 
| | VALID DATA 


DATA INPUT 





Figure 1. Setup Time, ts 


JABBER CONTROL | 


| 
JABBER FLAG =a of 


DATA INPUT 


re NALD PDPD DSW 


fy fo fy 
Figure 5. Delay Time, tp 





Figure 2. Delay Time, t, 


TRANSMITTER tp x 
GATE 


| 
| 


Figure 3. Delay Time, tg 
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ECN No. 


Date of Issue December 1988 . 


Status Preliminary Specification 
Data Communication Products 


DESCRIPTION | | FEATURES oa PIN CONFIGURATION 





The NE5081 is the receiver chip of a ~ @ Meets JEEE 802.4 standard | 
two-chip set designed to operate as an | N Package 
® Data rates to several Megabaud 
FSK modem (the NE5080 is the fe 
transmitter chip). The chips are . + @ Half- or full-duplex operation oer 
Pai pal i as @ Low bit rate error (107'2 typical) =] INPUT BYPASS 
standard for a “Single-Channel Phase- 
| 17] ANALOG GND 

Continuous- FSK Token Bus.” The APPLICATIONS e INPUT 
specifications given in this data sheet © Local Area Networks | Fa ee 
are those guaranteed when the @ Point-to-point communications a Ree es 

iver | DETECTION 
receiver is tuned to the frequencies e Factory automation F5 NBUTLEVEL 
given in the 802 standard. However, the DETECT 

® Process control 112] DIGITAL GND 


receiver will work at other frequencies. 


® Office automation 111] DATA OUTPUT — 


ORDERING INFORMATION TOP VIEW 
DESCRIPTION TEMPERATURE RANGE ORDER CODE : 
20-Pin Plastic DIP NE5081N 


BLOCK DIAGRAM 





Ccé6 O 5V Note: Either 


L1 or C7 is 
eae variable, 
O.1LF 


9 


8 
C13 
ois eal LL ieee 


R6 


INPUT LEVEL 
DETECT 


LOW PASS 
FILTER 


4 output DATA 


OUTPUT 
BUFFERS 10 > INPUT 
LEVEL FLAG 
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High-speed FSK modem receiver NE5081 





ABSOLUTE MAXIMUM RATINGS T, = 25°C 


SYMBOL PARAMETER RATING UNIT 


Voc 
Supply voltage 6 V 


Output (Data, Level detect) 20 ah 
Max sink current 
. . . . ° . is . 1 
Maximum power dissipation, Ta = 25°C, (still-air) 1690 mW 
N package 
Storage temperature range -65 to +150 
Lead soldering temperature (10 sec. max) 
Max differential voltage between 100 mV 
analog and digital grounds 


NOTE: 
1. Derate above 25°C as follows: 
N package at 13.5mW/°C. 


DC ELECTRICAL CHARACTERISTICS Vcc, 2 = 4.75-5.25V. External LC circuit tuned to 5MHz. Input level detect set at 16mVams, 


Ta = 0°C +70°C. 
LIMITS 
SYMBOL PARAMETER TEST CONDITIONS | Min | Typ | 


Logic Low Frequency External LC tuned to 5MHz 
Logic High Frequency External LC tuned to 5MHz 


Raima InSuk De iaGeavel Minimum input level that is detected as 5 
P carrier (See Note 2 in General Description) 
7 . 


Logic Levels: 









































Data Output 
Data Output 
Data Output 


lo, = 4.0MA Vin > 16MVeams Freq = fo 
lon = —400pA Vin > 16mMVams Freq =f; 
lon = 400A Vin < 5mVams Freq = fo 















Input Detect Flag lo, = 4.0MA Vin = OVams 


2.4 
2.4 
lou = —400pA Vin > 16mV 2.4 
Veco = 5.25V (Veco; connected to Veco) 
SupPYY Curea VIN = 1.0Vans Freq = fy or fo 
BER Bit Error Rate _ Input Signal > 16mVas 
maximum in-band noise = 1.6mMVeanus 


“ 
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AC ELECTRICAL CHARACTERISTICS (AN195, Figure 5 with a 100KHz 1Vp_p) 


LIMITS 
SYMBOL PARAMETER FROM TEST CONDITIONS | Min | Typ | Max | UNIT 
Input Level z 
pe ee Detect Flag ee | raver | fos] x | as 
io eo 
fo | rn oe [wow [rome [Te [| 















wn 


monies timer | ew | te | ff 


GENERAL DESCRIPTION NE5081 PIN FUNCTION 


The NE5081 will tan FSK- i 
e will accept an FSK-encoded signal FUNCTION 


» and provide the demodulated digital data at the 

output. It is optimized to work at frequencies Vcc1: Should be connected to the 5V supply and Pin 9. 
specified in IEEE 802.4—Token-Passing Sing- 
le-Channel Phase-Continuous-FSK Bus—(i.e., 
3.75MHz and 6.25MHz). However, it will work at 


other frequencies. ! 










CT: One end of an external capacitor tthat is used to tune the receiver. 













LT: One end of an indicator that is used to tune the receiver. 





MT: The junction of the capacitor and inductor used for tuning the receiver. 


F2 
F1 | Pins 5, 6, 7, 8 are used for a low-pass filter to remove carrier 
F3 | harmonics from the data output. 

F4 


Vec2: Connect to Pin 1 (see Pin 1 function) close to the device. 


Its normal acceptable input signal level range is 
from 16mVpms to 1VRus. This can be adjusted.? 


The receiver will yield an undetected “Bit Error 

Rate” of 10-9 or lower when receiving signals 

with a 20cB signal-to-noise ratio. It has a maxi- 

mum output Jitter of + 40ns.3 

NOTES: 

1. The receiver can be tuned to accept differ- 
ent frequencies by adjustment of the LC 
circuit shown in Figure 7. However, the ex- 
ternal components have been optimized 
for 3.75MHz and 6.25MHz. See “Determin- 
ing Component Values” for use at other 
frequencies. . 

2. Input Level Detect 
This is a method of turning off the output of 
the receiver when the input signal falls be- 
low an acceptable level. This level is ad- 
justable within the range given in the elec- 
trical specification section. The purpose of 
this function is to minimize the effect of 
noise on receiver performance and to indi- 
cate when there is an acceptable signal 
present at the input. All specifications giv- 
en in this data sheet are with the input lev- 
el detection set at 16mVams. 

3. Jitter (Definition) 

This is a measure of the ability of the re- 
ceiver to accurately reproduce the timing of 
its FSK-coded digital input. The spec indi- 
cates the error band in the timing of a logic 
level change. 


Oo ONO F&F W MH — 








Input Level Flag: This pin is used to indicate when there is a signal at the 
input that is greater than the level set by the input level detection circuitry. 
A logic high indicates an input greater than the set level. 


oO 


Data Output: Supplies T@L level data that corresponds to the FSK input 
received. 














Digital Ground: Should be connected to digital ground. 


input Level Detect: These pins are used to set the level of input signal 
that the device will accept as valid. 


Input Detection Timing: An external capacitor between this pin and ground 
is used to determine the time from carrier turn-off to output disable. 


Input Detection Timing: Same as Pin 15, except that a resistor goes 
between this pin and ground. The values of the C and R depend on the 
carrier frequency. The values given in this data sheet are for a SMHz carrier 
center frequency. 


Analog Ground: Connect to analog ground close to the device. 


Input Bypass: A capacitor between this pin and ground is used to bypass 
the input bias circuitry. 


Input: The FSK signal from the cable goes to this pin. 





No Connection. 
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Fo, Fy 16mVeans 


INPUT LEVEL 
DETECT OUTPUT 


Figure 1. Delay Time, tg, tc 


Fg, Fy 16mVRMs 


oe 


DATA OUTPUT VALID DATA 


Figure 2. Delay Time, tp, te 
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DESCRIPTION 

The NE5170 is an octal line driver which 
is designed for digital communications 
with data rates up to 100kb/s. This 
device meets all the requirements of 
EIA standards RS-232C/RS-423A and 
CCITT recommendations V.10/X.26. 
Three programmable features: 

(1) output slew rate, (2) output voltage 
level, and (3) three-state control (high- 
impedance) are provided so that output 
characteristics may be modified to meet 
the requirements of specific . 
applications. 


FUNCTION TABLE 







L 
NOTES: 


1. Veco = +10V and Veg = —10V; Ry = 3kQ 
2. Voc = +12V and Veg = —-12V; R, = 3kQ 


High-Z 





ORDERING CODE 











28-Pin SO package 


February 1987 ; 


OUTPUT VOLTAGE (V) 


ENABLE | LOGIC 
INPUT 
Low Output Mode! High Output Mode? 


Sry ae ae fe 
High-Z High-Z 








DESCRIPTION TEMPERATURE RANGE ORDER CODE 
28-Pin Plastic DIP NE5170N 
28-Pin PLCC C to +70°C NES170A 


0°C to +70°C 


NE5170 


Octal line driver 


FEATURES 


® Meets EIA RS-232C/423A and CCITT 
V.10/X.26 


@ Simple slew rate programming with a 
single external resistor. 


© 0.1 to 10V/us slew rate range 


'@ High/ow programmable voltage 


output modes 
@ TTL compatible inputs 


APPLICATIONS 
® High-speed modems 


@ High-speed parallel communications 
e Computer I/O ports 


@ Logic level translation 







RS-232C 
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NE5170D a 


PIN DESCRIPTION © 
_N Package | 


TOP VIEW 


A Package 
By Ay Ag NCHO Hy Gy 


TOP VIEW 
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Octal line driver ~  NE5170 





ABSOLUTE MAXIMUM RATINGS 


E 


Input voltage (Enable, Data) 
5 
mn 
NOTES: 


1. Maximum current per driver. Do not exceed maximum power dissipation if more than one output is on. 
2. High impedance mode. 
3. Minimum value of the resistor used to set the slew rate. 





DC ELECTRICAL CHARACTERISTICS Vcc = 10V +10%; Veg = -10V +10%; +MODES = OV; Rg, = 2kQ, 0°C < Tas 70°C, unless 


otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS | Min | 


Vin = 0.8V. A 
Von Output high voltage > R, = 3kQ2 
























R, = 45002 | 6 | 
R. = 3k03, C_ = 2500pF i 
Vin = 2.0V 
VoL Output low voltage | Ry = 3kn2 V 
R, = 45002 
R, = 3k03, C, = 2500pF 





CL 
cc 
EE 










Input clamp voltage lin = —15mA 


Supply current 
NOTES: 


1. Maximum current per driver. Do not exceed maximum power dissipation if more than one output is on. 
2. Vou, Vor at Ry = 450Q will be > 90% of Voy, Vo, at Ry = &. . 
3. High Output Mode; +MODE pin = Vcc; -MODE pin = Vee; 9V < Vcc < 13V; -9V > Veg > ~13V. 


NO LOAD 
NO LOAD 
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Octal line driver | . NE5170 


AC ELECTRICAL CHARACTERISTICS Vcc = +10V: Veg = -10V: Mode = GND, 0°C < T,< 70°C 


SYMBOL - PARAMETER TEST CONDITIONS 
Ry = 450, C. = 50pF 
tpuz Propagation delay output high to high impedance or . 
Ry = 3k; OC, = 2500pF 
R, = 450, Ci = aORF 
tpLz Propagation delay output low to high impedance or | 
R, = 3k, C, = 2500pF 


Rs = 200k 
tpzH Propagation delay high impedance to high output ae ee ape 
R, = 3k, C, = 2500pF 

Re, = 200k 
teze Propagation delay high impedance to low output Ri = ae = SOpF 
R. = 3k, C = 2500pF 


SR Rey = 20k 
NOTE: | 


LIMITS 

























Output slew rate! 


Rg, = 200k 


SR: Load condition. (A) For Rg, < 4kQ use R, = 450; C, = S0pF; (B) for Rg, > 4kQ use either R, = 450Q, C, = 50pF or R, = 3kQ, 
Cy = 2500pF. ae 


AC PARAMETER TEST CIRCUIT AND WAVEFORMS 


Vout 


DIN 
-MODE GND +MODE Veg Rs 


Nel Bese aay 
be ll 
Sa! * tpLz 


NOTES: 
1. See AC electrical characteristics table for values of Rg, Ry and C,. 
2. Vin pulse: Frequency = 1kHz, duty cycle = 50%, Zoyy = 502, t, = tr < 10ns. 





February 1987 | 410 


Philips Components—Signetics Data Communication Products 


Preliminary Specification 





Octal line driver 
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SLEW RATE PROGRAMMING 

Slew rate for the NE5170 is set using a single 
external resistor connected between the Rg. 
pin and ground. Adjustment is made according 
to the formula: 


Rey (in kQ) = ___ 20 
Slew Rate 
where the slew rate is in V/us. The slew resistor 
can vary between 2 and 200ka which gives a 
slew rate range of 10 to 0.1V/us. This adjust- 
ment of the slew rate allows tailoring output 
characteristics to recommendations for cable 


APPLICATION 


length and data rate found in EIA standard 
RS-423A. Approximations for cable length and 
data rate are given by: 

Max. data rate (in kb/s) = 300/t 


Cable length (in feet) = 100xt 


where tis the rise time in microseconds. The 
absolute maximum data rate is 100kb/s and the 
absolute maximum cable length is 4000 feet. 


OUTPUT MODE PROGRAMMING 
The NE5170 has two programmable output 





modes which provide different output voltage 
levels. The low output mode meets the specifi- 
cations of EIA standards RS-423A and 
RS—232C. The high output mode meets the 
specifications of RS—232C only, since higher 
output voltages result from programming this 
mode. The high output mode provides the 
greater output voltages where higher attenua- 
tion levels must be tolerated. Programming the 
high output mode is accomplished by connect- 
ing the +MODE pin to Vcc and the -MODE pin 
to Veg. The low output mode results when both 
of these pins are connected to ground. 


*TIE TO GROUND FOR 
RS232C 


Fe a ors ee Gg oS ey 


*MODE PINS CONNECTED FOR 
PROPER OUTPUT LEVEL 


Figure 1. RS-232C/RS-423A Data Transmission 





Figure 2. Input Stage Schematic 
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Figure 3. Output Stage Schematic 
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MODE = GND; Rg, = 2k2; 
ly =H; EN = L; OUT = NO LOAD 


log AND — [eg (mA) 


Voc AND Veg (V) 


Figure 4. Typical Ic¢¢ and leg vs Supply 


Voltages 


fs 
ili! 
oa 
Raa 
EEE EEE 
Genes ileal 
Chase aha 
oO a 
Creer) 


Figure 5. Typical Input Current vs Input 
Voltage 


ro 
Be Ali al eae Sleceyeee pea 
pete 

ae! as 


Figure 6. Typical +MODE Current vs 
+MODE Voltage 
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Figure 7. Typical -MODE Current vs 
—MODE Voltage 


aligaed 
vVe=sov | 1 tT | TT 


~8 THIGH MOD Ve= 2BV, 


Figure 8. Typical Output Low Voltage 
vs Load Current 





| | [¥s= *13V,HIGH MODE | | 
Ee eth ale ad 
Fite tecalle slit sileste aecales | 
od eek ett 
a | | | vg= £9V, HIGH MODE 

ieee le | 
|_| ee 


lon (MA) 


figure 9. Typical Output High Voltage 
vs Load Current 
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Vg = £9V; Rg, = 2kO, LOW MODE fs 


Ses ead al nee Mee 


R, = 4502 
pe tr 


| {| NotoabD 





Figure 10. Typical Output Low Voltage 
vs Temperature 


Figure 11. Typical Output High Voltage 


vs Temperature 


10 
TINT TTT v= 310, tow Move; 
LN ofc Tac °C II 


+ —+-—}—- 
moccmannse == 
eat Beret 
aE re 


SLEW RATE (Vis) 


Po AN EH 
PACH TILE NCLT 
PE ETT TTT TET TTT 

LLU NY 


Figure 12. Typical Slew Rate vs Rs, 
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DESCRIPTION: FEATURES PIN DESCRIPTION 
The NE5180 and NE5181 are octal line —e Meets EIA RS-232C/423A/422A and 
receivers designed to interface data CCITT V.10, V.11, V.28 

terminal equipment with data 
communications equipment. These 
devices meet the requirements of EIA 
standards RS-232C, RS-423A, 
RS-422A, and CCITT V.10, V.11, V.28, — @ Failsafe feature , 
X.26 and X.27. The NE5180 is intended = ® Input noise filter (NE5180 only) 
for use where the data transmission rate internal hysteresis 

is up to 200 kb/s. The NE5181 covers ® Available in SMD PLCC 

the entire range of data rates up to 

10 Mb/s. The difference in data rates for APPLICATIONS. 

the two devices results from the input ® High-speed modems 

filtering of the NE5180. These devices 
also provide a failsafe feature which 
protects against certain input fault 
conditions. @ Logic level translation | | Toe 


OUTPUT 


N Package 


® Single +5V supply—TTL compatible 
- outputs 


® Differential inputs withstand +25V 


® High-speed parallel communications 


® Computer I/O ports 


A Package 







FAILSAFE 
| 5 rt INPUT 


X 
X 
; OV 
_ Both inputs open or grounded 
| 


NOTE: 
1. Vip is defined as the non-inverting terminal input voltage minus the inverting terminal input 
voltage. 


ORDERING INFORMATION 


B- Ag A+ A- Voc Ho H+ 









FUNCTION TABLE 


NE5180 
NE5181 









D+ Do GND E- E+ Eg F- 
TOP VIEW 
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Octal differential line receivers NE5180/NE5181 





ABSOLUTE MAXIMUM RATINGS T, = +25°C 


[-svwoor [__Panaweren———«—aTine [uN | 
P| Poweraiseaton | 
a 
a 






00 
i 
| Common-moderange | £ 
Output short-circuit time tt sec 


DC ELECTRICAL CHARACTERISTICS Vec = +5V 45%, 0°C < Ta < +70°C, input common-mode range +7V 


SYMBOL PARAMETER TEST CONDITIONS | Min | 
BV < Vinl < 25V 
, Inputs open or 

Failsafe output voltage sree : GND 0 <lout < 8MA, Viaisate = OV = 0.45 

TH 

Rs = 500! 

; 

H 
OH High level output voltage Vip = 1V, lout = —440nA 
OL 
OS 
CC 
IN 


Differential input high* Vout >2.7V, 
Cc 
V Low level output voltage Vip=-1V | lour=4ma2 | | : 
| [lour=8ma? | | 0. 


Yui Yth1 og = V2 Yth2 VD 










Figure 1. Vy, Vin, Vy Definitions 














= 
m. 
n 
4 
© 
= 


~|F 
~(E 





3 


0.45 





oO 
nD 
AD N 
oO 
nm 


0 > lout > 400A, Viaisate = Voc 2.7 



















Differential input low* 
threshold 


Vout < 0.45V, 
lout = 8mA 


wD 
na 
© 





Oo — 
© nh Oo 





Cc 
Oo 3 


© — 
: Oo Ww oO 


oO 
OQ 


—_ yi 
threshold lout = —440pA poiey i 
Supply current 4.75V < Voc < 5.25V, Vip =—1V; FS = OV ad 1 


Input current Other inputs grounded } Vin = +10V os 
Vin = -10V —3.25 
NOTES: 


_1. Rg is a resistor in series with each input. 
2. Measured after 100ms warm-up (at 0°C). 
3. Only 1 output may be shorted at a time and then only for a maximum of 1 second. 
4. See Figure 1 for threshold and hysteresis definitions. 


AC ELECTRICAL CHARACTERISTICS Vcc = +5V +5%, 0°C < Ta < +70°C 


NE5180 NE5181 
SYMBOL | PARAMETER TEST CONDITIONS | Max | Min | Max | UNIT 


ts | Aecopabioinput Frequency | Unused input grounds, p= aa0omv | [or | | s 
i; | Reectabl input requency | Unused input grounded, p= 2500nv | 68 |_| NA 


NOTE: 
1. Vip = +1V for NE5181. 
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FAILSAFE OPERATION 

These devices provide a failsafe operating 
mode to guard against input fault conditions as 
defined in RS-422A and RS-423A standards. 
These fault conditions are (1) driver in power- 


APPLICATIONS 


1/8 
NE5170 


DRIVER 


1/8 
NE5180 
NE5181 


February 1987 


off condition, (2) receiver not interconnected 
with driver, (3) open-circuited interconnecting 
cable, and (4) short-circuited interconnecting 
cable. If one of these four fault conditions oc- 
curs at the inputs of a receiver, then the output 


of that receiver is driven to a known logic level. 
The receiver is programmed by connecting the 
failsafe input to Vcc or ground. A connection to 
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RS-232C/RS-423C Data Transmission 
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Voc provides a logic “1” output under fault 
conditions, while a connection to ground pro- 
vides a logic “O”. There are two failsafe pins 
(Fs; and Fsgo) on the NE5180 or NE5181 
where each provides common failsafe control 
for four receivers. 


RS-232 FAILSAFING 

The internal failsafe circuitry works by provid- 
ing a small input offset voltage which can be 
polarity-switched by using the failsafe control 
pins. This offset is kept small (approximately 
80mV) to avoid degradation of the +200mV 
input threshold for RS-423 or RS-422 opera- 
tion. If the positive and negative inputs to any 
receiver are both shorted to ground or open 
circuited, the internal offset drives that output 
to the programmed failsafe state. If only one 
input open circuits (as may be the case for 
RS-232 operation), that input will rise to the 
“input open circuit voltage” (approximately 
700mV). Since this is much greater than the 
200mV threshold, the output will be driven to 
a State that is independent of the failsafe pro- 
gramming. Failsafe programming can be 
achieved for non-inverting single-ended 
applications by raising or lowering the unused 
input bias voltage as shown in Figure 2. For 
Veias = 1.4, an open (or grounded) INPUT 
line willbe approximately 7OOmV (OV) andthe 
output will failsafe low. If the resistor divider is 
not used and Vajas is connected to ground, 
the output will failsafe high due to the internal 
failsafe offset for the INPUT grounded and the 
700mV “open circuit input voltage” for the IN- 
PUT open circuited. Similar operation holds 
for an inverting configuration, with Veias 
applied to the positive input and Vrs = ground. 


INPUT FILTERING (NE5180) 

The NE5180 has input filtering for additional 
noise rejection. This filtering is a function of 
both signal level and frequency. For the speci- 
fied input (5.5MHz at+500mV) the input stage 
filter attenuates the signal such that the output 
stage threshold levels are not exceeded and 
no change of state occurs at the output. As the 
signal amplitude decreases (increases) the 
rejected frequency decreases (increases). 
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NOTE: 
Two silicon diodes may be used in piace of R2. 


Figure 2. Single-Input Failsafe Programming 
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Figure 3. Differential Input Stage 


TO 
OTHER THREE 
FS INPUTS 


Figure 4. Failsafe Input Stage 





417 





Figure 5. Output Stage 
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Figure 6. Typical Supply Current vs 
Supply Voltage 
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“This graph applies for all receiver inputs, 
provided that the opposite polarity input of 
the amplifier being measured is grounded. 


Figure 9. Input Current vs Input 
Applied Voltage’ 
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Figure 7. Typical High Level Output 
‘Voltage vs Output Current 
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Figure 12. NE5180: Propagation Delay 
at Various Input Amplitudes 
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Figure 8. Typical Low Level Output 
Voltage vs Output Current 
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Figure 11. Typical FS Input Current vs 
FS Applied Voltage 
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Figure 13. NE5180: Propagation Delay 
at Various Input Amplitude 





Philips Components-Signetics | Secti on 4 
Local Area Network 
Products 


Data Communication Products 


INDEX 
NE502A Ethernet Encoder/Decoder ............ 00... 0. eee eee 424 
NE8392A Coaxial Transceiver Interface for Ethernet/Thin Ethernet ......... 437 


NE86950_ .  EtherStar™ Ethernet Controller ............ 0.0000. 446 


Philips Components-Signetics 


Document No. 853-1449 
ECN No. 99960 
Date of Issue July 11, 1990 


Status Product Specification 
Data Communication Products 





NE502A 


Ethernet encoder/decoder 






PIN CONFIGURATION 


DESCRIPTION 

The NE502A is an Ethernet™ 
encoder/decoder designed to meet all 
the requirements of the IEEE 802.3 and 
Ethernet/Thin Ethernet specification and 
fabricated with high-speed ECL and 
Schottky TTL technology. 


The encoder converts serial binary data 
into complementary Manchester code. 
The decoder converts Manchester code 
into binary data and synchronous clock 
signals. The decoding method is a 
digital phase locked loop with dual 
bandwidth which allows both fast lock- 
on and low jitter. Typical acquisition is 
eight bits or better. A key feature of the 
decoder design is its capability to 
recover distorted input signals. The 
NE502A is packaged in a standard 
24-pin ceramic DIP. 


The NE502A is normally part of a 3-chip 
set that implements a complete 
Ethernet/Thin Ethernet interface for a 
DTE. The other chips are an Ethernet 
Data Link Controller (EDLC) such as the 
NE86950 and a coaxial transceiver 
interface (CTI) such as the NE8392A. 


ORDERING INFORMATION 


FEATURES 
@ Full Ethernet ll, IEEE 802.3 10base5 
and 10base2 compatibility 


@ Manchester encode and decode 


® Level conversion: transceiver level 
to/from TTL level 


-® Carrier detection 


® Large distortion recovery: +20ns 


@ Dual bandwidth phase locked loop: 
allows fast acquisition 


@ Loopback “CONFIDENCE?” test 
feature 


® Built-in clock generator 
® Small external parts count: 


®@ High-speed ECL and Schottky TTL 
technology 


@ Single power supply: +5V 
© Low power dissipation: 750mW typ. 


@ 24-pin standard dual in-line ceramic 
package 


APPLICATION 
© Workstations 


® Terminals 
@ File servers 


@ Print servers 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
24-Pin Ceramic DIP 0°C to 70°C NE502AF 


‘Ethernet™ is a Trade Mark of Xerox Corp., USA 
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BLOCK DIAGRAM 
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PIN ASSIGNMENT TABLE 


[PINNO. [SYMBOL | PINNAME [vO] LeveL | ——~—=S~S~UNCTION FSC*d 
Power Group 


[12 [GND [Powersupnly [1 | — [Ground 
[24 [Voc [Power supsy [1 | — | esvocpowerSupy SSCS 


Cable Group 


18 RXDATA+ | Receive data pair ECL Interfacing to receive pair of the transceiver. 

19 RXDATA-— differential 

20 TXDATA+ | Transmit data pair ECL Interfacing to transmit pair of the transceiver. 

21 TXDATA-— differential 

22 COL+ Collision presence pair ECL _| Interfacing to collision presence pair of the transceiver. 
23 COL-— differential 


EDLC Group 


Transmit encode enable 
Transmit serial data 
xX 












fe 4 Input for encoding and TXDATA# enable. 
; Tt Input for transmit data to be encoded onto the Ethernet coax. 


TTL 

TTL 

Stable 10MHz clock output for transmit bit stream. 

Output of received and decoded bit stream. 

Clock output to strobe RXD. 
TTL 
TTL 
TTL 






EN es 

x0 es 
FTCKN | Transmit data clock | 0 | 
[AKO | Receive serial data | 0 
[ROKN [Receive data clock | 0 | 
XcoL [Cation resence ——O 
Receive carrier detect 0 || 
[LBC | Loopback command | 1 


Oscillator Group 


at Duplication of the collision presence pair (COL+). 


om Carrier detect function of the decoder. 


oe ee Input to command the NE502A to operate in loopback mode. 


De 
[3 








Pins for direct connection of discrete oscillator components. 


4 OSC. OUT 
5 OSC. IN Oscillator pins ECL 
6 OSC. REF 
Poe Pins for direct connection of a capacitor. 
2 Cc — 
3 See ieee (PLL po] ec. Output pin for PLL testing purpose only. 
7 | RESET best Tm 
7 Lm 












Capacitor pins 


heer RESET Input pin to initialize flip-flops for testing purpose only. 


DC/AC coupling select 
Lae | DCLINK for transceiver pairs Input to select DC/AC coupling of transceiver cable pairs. 
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ABSOLUTE MAXIMUM RATINGS! 


SYMBOL PARAMETER RATING . 
Supply Voltage -0.3 to 7.0 ae 
Receiver Input Voltage —0.3 to Voc + 0.3 
Top 





V 
Tor [Operating Tomperaure | 25100 ~—=«dYSC 


NOTE: 

1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 





RECOMMENDED OPERATING CONDITIONS 










0°C to +70°C 


Capacitor placed between C and RC pins 
ae enonengunanatemiatie) 


NOTES: 

1. The values of the oscillator capacitors may have to be tuned for a particular components layout. Both capacitors should be adjusted for 
maximum voltage at OSC.IN. However, once the correct values are determined for that layout, any more tuning will not be necessary for ' 
each board. 

2. 5th overtone series resonant. 
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DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


SYMBOL PARAMETER Vec (V) 






VALUE 


T UNIT 


—< 
a 


2 


oO 










V 

Vu [Lowtevelinputvotaget ———SSSC*dSSSSCSCSC~*d 
V 

| = 

| 

| 

V 


-1.5 
2.7 


4.75 


0.5 


© 


High level input current! Vin =2.7V 
Low level input current! Vip = 0.4V 5.25 


—100 
—100 


nat 
MIN 
yon 


i | , o| jo ! 
oO Po & PO 


| Vin 

Vik 2 

| Vou _| 

| Vow Low level output voltage? . 
pt 

ce ilies = 

| los 


0 






© 
ss] 


=1.5 


© 


Vio [Hi 
[Vox [High evel ouputvotage® ——SSCS~dSSSSSSCSCS~ir 
[Vocrx [ow eveloutputvotage® Sid 


a w wpa 
w N wo) 
5 3 


0.55° 


Low level differential input voltage® Vins — Vin-, DCLINK = 4.5V 


b 


on on, oO 
oO oO;o 


150 


[Ves [Osetatorretrencevotage?’ Sid SSSS*d 
| 
o 


Power supply current All signal pins are open 


NOTES: 

. Applicable to TTL input pins. (TEN, TXD, LBC, DCLINK and RESET) 

Applicable to TTL output pins. (TCKN, RXD, RCKN, XCOL and XCD) 

Applicable to COL+ and RXDATA+. 

Applicable to RXDATA+ while XCD output is low (idle state) and COLt. 

Applicable to RXDATA+ while XCD output is high. 

Applicable to TXDATAt. These pins are connected to ground through 270Q resistors. A 78Q resistor is placed between these pins. 
Applicable to OSC. REF. 

Applicable to OSC.IN. 

Applicable to OSC.OUT. This pin is connected to ground through a 3302 resistor. 


Oy om 
oO; oO 


4.15 


— 


Oo 


25 


on 
© 


IH 
IL 
IC 
OH 
OL 
(H 
iL 
OS 
BB 
Rac 0 
cc . 


5.25 


nm 
nm 
° 
> 





oO 
on 


ONS): ore & eS 
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AC CHARACTERISTICS Recommended operating conditions unless otherwise noted. Voc = 5.0V. Transmit Timing (Figure 22) 


| VALUE 
SYMBOL _ PARAMETER CONDITION | Min | Typ | Max | UNIT 


100.00 | 100.01 ns 


Transmit timing (Figure 1) 
5 
5 
9 


ee 50.8 
0 
0 
5 















yn 


i 3) 
twitc TCKN low time (Figures 2,3) 40 
twHtc | TCKN high time (Figures 2,3) 
tpptx TXDATA+ encode time (Figures 2,3) 
6) 


nn 


> 
on 


hr 
Oo 


tatx TXDATA+¢ output rise time (Figures 5,6) 
~ teTx TADATA+ output fall time — (Figures 5,6 


ns 


titx TXDATA- low level hold time Cry = 470pF DCLINK = Vcc (Figures 5,6) 


3 aneaED 
3 a 
i 3) 


3 


” a 


DS 
n 


fo 
a oS 
n 





5 > => 
wm n yn 


> 
Wy 






ns 


50 
50 
120 
230 

10 


= 
w 


~ 
n 


120 


> 
wn 


a) 
nm 


~~ 

ok 

oO 
Lon ” 


3 
wn 


Gd 
oO 


— 
© 


Loopback timing! (Figure 4) | 


tpgiac | LBC receiving data purge time Figures 2,3,4 230 | 
LBC receiving data accept time Figures 2,3,4 


DATA through time Figures 2,3,4) | 
TEN wait time (Figures 2,3,4) 


Collision timing (Figure 5) . 


COL to XCOL Propagation Delay Time DCLINK = OV, (Figures 2,3,7) 
teHL COL to XCOL Propagation Delay Time DCLINK = OV, (Figures 2,3,7) 
NOTE: 


1. In Loopback mode operation, COL+ and RXDATA: inputs are ignored, TXDATA+ and XCOL are high level, and XCD, RCKN and RXD. 
functions are in the same manner as a normal receive operation. 


— 


-_—_ 
~— 


taciec: 
tPHLTRU 280 


tWTEN n 


— |—_ 





S 
teLH 30 ns 


a 
n 





11 
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FUNCTIONAL DESCRIPTION 
The NE502A has five major functions: 
encode, decode, collision signal conversion, 
master clock generation and loopback. 


Encode 

The encoder section of the NE502A is a 
simple circuit which performs an appropriate 
exclusive-OR between the transmit clock and 
transmit data using latches to reduce the 
skew of TXDATA+ outputs. The encoder 
sends the transmit clock (TCKN) to an 
Ethernet Data Link controller (EDLC) such as 
the NE86950. An encode enable signal 
(TEN) and data (TXD) are then returned from 
the EDLC. 


Decode 

The decoder performs three functions. First, 
it decodes data arriving at the RXDATA+ 
inputs and passes it to the EDLC via the RXD 
output. Second, it signals to the EDLC that 
receive carrier is present by asserting the 
XCD output. Third, the receive clock is 
recovered and passed to the EDLC via the 
RCKN output. The RCKN is inhibited for 6 or 
7 cycles during PLL acquisition, but, upon 
restarting, has the correct phase relationship 
with the recovered data. 


The decoder PLL is a digital phase locked 
loop with excellent distortion handling 
capability. It is designed to recover data from 
+20ns of jitter. 


Collision 

In the event of a collision, the 10MHz collision 
signal sent from the transceiver to the COL+ 
inputs is converted to a TTL 10MHz signal at 
the XCOL pin. The latching and timing func- 
tions for this signal are provided in the EDLC 
(NE86950). 


Master Clock Generation 
The oscillator generates a 100MHz master 
clock for the encoder and decoder. 


Discrete oscillator components and a crystal 
are directly connected to the provided 
oscillator pins. The oscillation frequency 
must be 100MHz with a tolerance of less than 
+0.01% to meet the IEEE 802.3 specification 
because one tenth of the oscillation 
frequency is the transmit bit rate. 


Loopback 

A loopback input (LBC) is provided to allow 
all encoding and decoding functions to be 
exercised without using the transceiver cable. 
During loopback operation, the encoded data 
is routed internally to the decoder, while 
transmit outputs remain idle and the receive 
and collision inputs are ignored. 
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SIGNAL PIN DESCRIPTION 


Cable Group 

RXDATAs+ (receive serial data pair, inputs): 
These are the inputs to the decoder. They 
receive Manchester coded signals from the 
transceiver. The input circuit is a differential 
receiver and with a common mode voltage 
range of 0 to Vcc. The differential receiver 
has two modes of operation: DC coupled 
operation and AC coupled operation, which 
are selected by the DCLINK input. 


In DC coupled operation (DCLINK is low), the 
differential squelch threshold is typically —OV. 


In AC coupled operation (DCLINK is high), 
the differential squelch threshold is typically 
—0.2V. This is the operating mode for coaxial 
Ethernet where an isolation transformer is 
used between the encoder/decoder and the 
transceiver. 


In both DC and AC coupled operation, the 
differential zero crossing threshold for the 
received signal is OV in order to minimize 
receive distortion. When RXDATA: are idle, 
the RXD output is a TTL high. 


TXDATA¢ (transmit data pair, outputs): 
These are the outputs of the encoder. They 
transmit Manchester coded signals to the 
transceiver. 


The driver output circuits are emitter followers 
and require pull-down resistors of 270Q. 
They can drive a transceiver cable with 
differential impedance of 78Q. 


The differential transmitter outputs TXDATA+ 
are normally connected directly to the primary 
of an isolating pulse transformer. In idle state 
they have a low offset voltage in order to 
minimize DC current through the transformer. 
When entering the idle state, at the end of a 
transmit packet, the transmitter outputs 
gradually return to a differential voltage of OV 
across the transformer primary in order to 
prevent undershoot glitches at the 
transformer secondary. The returning time 
constant is determined by an external 
Capacitor connected between the RC and C 
pins. 


COL+ (collision presence pair, inputs): This 
pair of inputs receive a 10MHz signal from 
the transceiver when a collision is detected. 


The input circuit has the same common mode 
voltage range as the RXDATA+ inputs. It 
also operates in DC or AC coupled modes, 
depending on whether DCLINK is low or high 
respectively, with the same differential 
squelch thresholds of OV or -0.2V, 
respectively. 
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Unlike the RXDATA+ inputs, the zero 
crossing threshold is -0.2V even when COL+ 
are receiving a collision present signal. 


When COL: are idle, the XCOL output is a 
TTL high. 


EDLC Group 

TEN (transmit encode enable, input): This is 
an input to the on-chip Manchester encoder 
and enables the TXDATA: pair. An input 
high enables the TXDATAs+ pair; an input low 
makes the TXDATA+ pair idle (high). 


TXD (transmit serial data, input): This is an 
input to the on-chip Manchester encoder and 
provides the data to be encoded. 


Serial binary data must be supplied to this 
input synchronously with the falling edge of 
TCKN (transmit data clock). 


This input is enabled when TEN (transmit 
encode enable) is high. 


TCKN (transmit data clock, output): A 
10MHz clock output for the transmit serial 
binary data. This is a stable clock of one- 
tenth of the master clock frequency. See 
TXD (transmit serial data) description. 


RXD (receive serial data, output): This is an 
output of the on-chip Manchester decoder 
and provides decoded data to the EDLC. 


This output is synchronous with the falling 
edge of RCKN (receive data clock). 


RCKN (receive data clock, output): Clock 
output to strobe RXD (receive serial data). 
See RXD (receive serial data) description. 


At the beginning of a packet, RCKN is 
inhibited for 6 or 7 clock cycles to allow the 
PLL to gain acquisition. At the end ofa 
packet, RCKN is inhibited for 1 clock cycle. 


During idle state, this output generates a 
1OMHz clock signal. 


XCOL (collision presence, output): This isa 
TTL duplication of the collision signal at 
COL+. The transceiver connected to the 
Ethernet coax supplies a high level or 
differential voltage of OV to COL+ when a 
collision is not present on the coax. It 
supplies a 10MHz square wave signal to 
COL+ when a collision is detected. 
Accordingly, XCOL outputs a high level when 
collision is not see and outputs a 10MHz 
square wave signal during collision presence. 


XCD (receive carrier detect, output): This 
output provides the carrier detect function of 
the Manchester decoder. This signal is used 
by the receive section of the Data Link 
controller as a data acquisition enable signal 
and by the transmit section as transmission 
permission information. 


Output is low when the Ethernet coax is idle. 
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LBC (loopback command, input): A high 
level input to this pin dictates loopback mode 
operation. During the loopback mode 
operation, XCOL output is a high level, 
TXDATA+ outputs are high level, RXDATA+ 
inputs are ignored. The data supplied to TXD 
(transmit serial data) when TEN (transmit 
encode enable) is high is encoded, internally 
routed back to the Manchester decoder and 
output from RXD (receive serial data), RCKN 
(receive data clock) and XCD (receive carrier 
detect). 


Oscillator Group 

OSC.OUT, OSC.IN, and OSC.REF (oscillator 
pins): A 100MHz crystal is placed between 
OSC.IN and OSC.OUT. 


An LC tank circuit is placed between OSC.IN 
and OSC.REF to assure start-up at the 
proper harmonic of the crystal. 


OSC.OUT is an emitter-follower output and 


(START OF PACKET) 


tHDTX 


| 


t 
tWwiTC  WHTChe POT 


TXDATA+ 


TXDATA- 


TXDATA 
(DIFFERENTIAL) 
LAST BIT = 0 


TXDATA 
(DIFFERENTIAL) 
LAST BIT = 1 


RC 
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requires a pull-down resistor (330Q typ.). A 
phase adjusting capacitor is placed in parallel 
with the pull-down resistor to make the delay 
through the oscillator close to 10ns to 
increase the efficiency of the crystal. 


As a design recommendation, connection 
wires should be as short as possible. 


Others 

RC and C (capacitor pins): A capacitor 
placed between these pins provides the 
timing for the active-to-idle time of the 
TXDATAGS pair. 


In AC coupled operation (DCLINK is high), 
after data transmission, TXDATA— goes high 
with rise time determined by the time- 
constant of the internal resistor and the 
connected capacitor. When a 470pF 
capacitor is connected, the rise time of 
TXDATA- is typically 0.8us (20% to 80%). 


(END OF PACKET) 


LAST BIT 
0(1) 


/ 


tcTTc 


teTx  tRTX 


80% 


Figure 1. Transmit Timing Diagram 
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Because pin C is connected to Voc on chip, 
DC voltage must never be supplied to this 


pin. 


DCLINK (DC/AC coupling select for 
transceiver pair): This input is to select 
DC/AC coupling of the transceiver cable 
pairs. A low level selects DC coupling; a high 
level selects AC coupling and makes both 
TXDATA+ high during idle state to prevent 
the transformer core from saturating. See 
CABLE GROUP description. 


This pin must be connected to a TTL high or 
low. It may be connected directly to Vcc or 
ground. 


RESET (FF testing purpose only): This input 
pin is used to initialize flip-flops for testing 
purposes only and must be connected to Vcc 
or a TTL high level in a normal operation. 


NC (non-connection): This output pin is for 
testing purposes only and must be left open 
in a normal operation. 
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Figure 2. Receive Timing Diagram, Start of Packet 


(END OF PACKET) 
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tHDRXD 'HDRXD 
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Figure 3. Receive Timing Diagram, End of Packet 
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“NOTE 1 


NOTE 1: WHEN RXDATA+ ARE RECEIVING A PACKET AT LBC RISING, THE RECEIVED DATA IS NOT COMPLETE. 
NOTE 2: WHEN RXDATAs ARE RECEIVING AT LBC FALLING, THE PACKET MAY NOT BE DECODED CORRECTLY. 


Figure 4. Loopback Timing Diagram 


+ TS ~— 
DIFFERENTIAL 
COL 


— THRESHOLD MANIPULATION IN AC COUPLED OPERATION 
ee eee eee ee oe ee §=0C COUPLED OPERATION 


Figure 5. Collision Timing Diagram 
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Ri 


1N3064 x4 
TTL OUTPUT (OR EQUIVALENT) 


Re = 2kQ 


RL = 15pF 
(INCLUDING JIG CAPACITANCE) 


Figure 6. TTL Output Load Circuit 


ICT 


THRESHOLD VOLTAGE = 1.5V 


Figure 7. TTL Output Waveform 


Vin = 3V, Vit = OV 
ty = tf = 10ns 
THRESHOLD VOLTAGE = 1.5V 


Figure 8. TTL Input Waveform 
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TXDATA+ 


TXDATA-— 


Ry = 78Q 
RT = 2722 


Figure 9. TXDATA+ Output 
Load Circuit 


ICT 


Figure 10. TXDATA+ Output Waveform 


Ving = 3.5V, Vip = 1.5V 
tR =tp = 2.0ns 


RXDATA-, COL- INPUT VOLTAGE = 2.5V (DC) 
DCLINK = OV (DC COUPLING) 


Figure 11. RXDATA+, COL+ Input Waveform 
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TYPICAL TIMING CHARACTERISTICS 


Ta = 25°C 
Voc = 0 V (Shifted) 


Vv OH, VOL Output Voltage (V) 
liq Input Current (mA) 


IQ Output Current (mA) VIN Input Voltage (V) 


Figure 12. TXDATA+ Figure 13. RXDATA+, COL+ 
Output Voltage vs Output Current Input Current vs Input Voltage 
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Figure 14. TTL-OUTPUT Figure 15. TTL-OUTPUT 
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Figure 16. TTL-INPUT Figure 17. OSC.IN 
Input Current vs Input Voltage input Current vs Input Voltage 
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TYPICAL TIMING CHARACTERISTICS 


Vry TTL Input Threshold (V) Vo Output Voltage (V) 


tirx TXDATA— Low Level Hold Time 





Ty = 25°C 
6 R, =5 kato GND 





| Yars eas Voo 
0.4 0.2 0 0.2 
Vai Differential Input Voltage (V) 


Figure 18. COLt to XCOL TRANSFER 
(Receiver Threshold) Output Voltage vs 
Differential Input Voltage 
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4.6 5 5.4 5.8 
Vcc Power Supply Voltage (V) 


Figure 20. TTL-INPUT THRESHOLD 


TTL Input Threshold vs Power Supply Voltage 


tritx TXDATA- Idling Rise Time( Ls) 





0 400 


800 
Crx RC Capacitance (pF) 


Figure 22. TXDATA— LOW LEVEL HOLD TIME 


TXDATA— Low Level Hold Time 


TXDATA- Idling Rise Time vs RC Capacitance 
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Vo Output Voltage (V) 


Vo Output Voltage (V) 


toH,tpH. Propagation Delay Time (ns) 





NE502A 


Vait = Vcot+ — VcoL- 


0.2 0 0.2 0.4 
Vgir Differential Input Voltage (V) 
Figure 19. COL+ to XCOL TRANSFER 


(Receiver Threshold) Output Voltage vs 
Differential Input Voltage 





-0.4 


Tyee c 
Voc = 0 V (Shifted) 
Ry = 5002 to Voenb 


—1.4 —1.0 0.6 
Vac RC Input Voltage (V) 


Figure 21. RC to TXDATA— TRANSFER 
Output Voltage vs RC Input Voltage 





0 20 40 60 80 
Ta Ambient Temperature (°C) 


Figure 23. COL+ to XCOL PROPAGATION 
DELAY TIME Propagation Delay Time vs 
Ambient Temperature 
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Voc (+5.0V) 
Wi 


cai 0.1 pF 


C = 470 pF NE502A 


NC 
Ri = 3300 
OSC.OUT 
[—J Xtal (100 MHz) 


5 OSC.IN 


OSC.REF 
C =0.01 RF 


EDLC 
NE86950 


Note: 39Q resistors must be balanced less than 1% 


Figure 24. Typical Application Circuit 
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SIP SIP 
RESISTER RESISTER 
39Q 270Q 


NE502A 


COL- & 
C) NC COL+ cS 
TXDATA- & 
TXDATA+ & 
RXDATA- Co 
C) RESET RXDATA+ eo 
co TEN 
OOO Cx 
C) C) cy) TCKN 


© 
Et 


QoS Pw 
lent 


Oo Ol@|A Dielo oO 
U 0000 O/0}O 


o4 


= Se nr en 


0000000 


EDLC 


NE86950 
(PLCC) C) C) & RXD 
(6) eno 


NOTE: THE TRACES( A) AND MUST BE AS SHORT AS POSSIBLE. 





Figure 25. Typical Component Layout (Top View). 
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DESCRIPTION 

The NE8392A Coaxial Transceiver 
Interface (CTI) is a coaxial line 
driver/receiver for Ethernet (10base5) 
and Thin Ethernet (10base2) local area 
networks. The CTI is connected 
between the coaxial cable and the Data 
Terminal Equipment (DTE) and consists 
of a receiver, transmitter, collision 
detector, heartbeat generator and jabber 
timer (see Block Diagram). The 
transmitter output connects directly to a 
doubly terminated 50Q cable, while the 
receiver output, collision detector output 
and transmitter input are connected to 
the DTE through isolation transformers. 
Isolation between the CTI and the DTE 
is an IEEE 802.3 requirement that can 
be met on signal lines by using a set of 
pulse transformers normally available in 
a standard 16-pin DIP. Power isolation 
for the CTI is achieved using DC-to-DC 
conversion through a power transformer 
(see Figure 1, Connection Diagram). 


During transmission the jabber timer is 
initiated to disable the CTI transmitter in 
the event of a longer than legal length 
data packet. Collision detection circuitry 
monitors the signals on the coaxial cable 
to determine the presence of colliding 
packets and signals the DTE in the 
event of acollision. At the end of every 
transmission the heartbeat generator 
creates a pseudo collision for a short 
time to ensure that the collision circuitry 
is functioning correctly. The heartbeat 
function can be disabled for repeater 
applications. 


The CTI is normally part of a three chip 
set that implements a complete 
Ethernet/ Thin Ethernet network 
interface for a DTE (see Figure 2, 
Interface Diagram). The other chips are 


NE8392A 


Coaxial transceiver interface for 
Ethernet/Thin Ethernet 


PIN CONFIGURATION 
N PACKAGE 


a Serial Network Interface (SNI) anda 
Network Interface Controller (NIC). The 
SNI provides Manchester Encoding and 
Decoding while the NIC handles the 
media access protocol and buffer 
management tasks. 


FEATURES 


© Compatible with Ethernet Il, IEEE 
802.3 10base5 and 10base2, and ISO 
8802/3 interface specifications 


® Integrates all transceiver electronics 
except signal and power isolation 


® Only one external resistor required for 
setting coaxial signaling current 


@ Jabber timer function integrated on 
chip 
® Heartbeat generator can be externally 


disabled for operation as JEEE 802.3 
compatible repeaters 


® On-chip precision voltage reference 
for receive mode collision detection 


@ Squelch circuitry on all signal inputs 
rejects noise 


® Full ESD protection 


® Standard 16-pin DIP with special lead 
frame minimizes the operating die 
temperature 





© Power-on reset prevents glitches on 
coaxial cable during power up. 
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ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP 0°C to +70°C NE8392AN 
28-Pin PLCC O0°C to +70°C NE8392AA 


BLOCK DIAGRAM 






OTE 
INTERFACE 


RECEIVE 
RECEIVER PAIR 
EQUALIZER (RX+, RX-) 
4—POLE BESSEL RECEIVER 
LOW PASS FILTER AC-~DC SQUELCH 


TRANSMIT 
TRANSMITTER PAIR 
P | (TX+, TX-) 
“ SENSE | 
BUFFER 
TRANSMITTER 


BUFFER 








SQUELCH 


Cs! 
[2] cowanaron 
mae 


HEARTBEAT 
GENERATOR 


HEARTBEAT ENABLE 


COLLISION 
PAIR 
(CD+, CD-) 


JABBER 
TIMER 





October 9, 1990 438 


Philips Components—Signetics Data Communication Products Product Specification 





Coaxial transceiver interface for Ethernet/Thin Ethernet NE8392A 





PIN DESCRIPTIONS 









DESCRIPTION 
1 CD+ Collision Outputs. Balanced differential line driver outputs which send a 10MHz os- 
2 CD- cillation signal to the DTE in the event of a collision, jabber interrupt or heartbeat test. 
3 4 RX+ Receiver Outputs. Balanced differential line driver outputs which send the received 
6 12 RX— signal to the DTE. 
7 13 TX+ Transmitter Inputs. Balanced differential line receiver inputs which accept the trans- 
8 14 TX- mission signal from the DTE and apply it to the coaxial cable at TXO. 
HBE Heartbeat Enable. The heartbeat function is disabled when this pin is connected to 
Vee and enabled when connected to GND or left floating. 

11 RR+ External Resistor. A 1kQ (1%) resistor connected between these pins establishes 
12 RR- the signaling current at TXO. RR- is internally connected to Vee. 

Receiver Input. This pin is connected directly to the coaxial cable. Received signals 

D 


























are equalized, amplified, and sent to the DTE through the RX¢ pins. 







RX 
™XO Transmitter Output. This pin is connected directly (Thin Ethernet) or through an 
external isolating diode (Ethernet) to the coaxial cable. 
Collision Detect Sense. Ground sense connection for the collision detection circuitry. 
CDS This pin should be directly connected to the coaxial cable shield to prevent ground 
drops affecting the collision threshold voltage. 
4 5to11 Negative supply pins. These pins also serve as a low thermal resistance path for ex- 
5 tracting heat from the die. They should, therefore, be connected to alarge metal area 
20 to 25 Vee 
13 on the PC board. 


NOTE: 
1. The IEEE 802.3 name for CD is Cl; for RX is Dl; for TX is DO. 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER 





vn | Votage atanyinput’——SS~*~‘dtCi te 
°C 
















Lead soldering temperature (10sec.) 
Recommended max junction temperature@ ae ee ee ee 
Thermal impedance (N and A packages) a ae °C/W 


NOTES: 

1. 100% measured in production. 

2. The junction temperature is calculated from the following expression: 
Ty = Ta + 65a [Veg (0.075 + n x 0.05/100) + 8(VeE —2) / R] 


where 
Ta = Ambient temperature in °C. 
8y4 = Thermal resistance of package. 
Vee = Normal operating supply voltage in volts. 
n = Percentage transmitter duty cycle. 
R= Pull down resistors on the RX and CD pins in Q. 


The N package is specially designed to have a low 6), by directly connecting the four center Pins 4, 5, 12, and 13 to the die attachment 
area. These four pins then provide a conductive heat flow path from the die to the PCB where they should be soldered to a large area Veg 
track. For the A package, Pins 5 to 11 and 19 to 25 should similarly be soldered to a large area Veg and rack. 
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ELECTRICAL CHARACTERISTICS Vee = -9V +5%: Ta = 0°C to +70°C unless otherwise specified':*. No external isolation diode on 


TXO. 
7 LIMITS 


SYMBOL PARAMETER TEST CONDITIONS 






V Power-on reset voltage. Transmitter disabled 
Poe for |Veel < |Vporl 


ea rae ererecrere ere ee) 
[cos | Gable sense inputbias curent ‘(| Veos=ov «| id | 
[Vn [BE input HIGH votage——SSCdCOSSSSC~‘ir ew | 
[Va [HE input tow wage ——SSSiPSSC—~sSSC*dSCS*d ee 
[wr [HAE it HIGH curent ———SCS~*dtCSC~‘ ed *dtC sO 
[ta | HBE input LOW curent————SS~dtCSCWine = Vee || 800 | 000 
[ros | Transmit ouputdCcurentieve® it SSSC~‘idC Cd 
[nie | Transmiteurtent Sd Vp tov | 250d 
[Vreow | Transmineroutputvekage compliance’ SS*dCd 


| 
| 
IH 
iL 
ae 5 Measured by applying 
Vo Collision threshold DC voltage at RX! —1450 —1530 —1580 mV 
Differential output voltage imbalance — idle at 
Vo 
VR 
Vr 


Woo | Outputcommon made votageatfixeandGbz| ——-—=~S~iCi Ye 
[Vas | Receiversquelchihveshold =| Vaaverageo | 100 | 050-270 | mv 
[Vis | Transmiter squech teshoid |x =Vine) peak] 175] 205 [000 mV 


Input capacitance at RX! 
Shunt resistance at TXO transmitting 


NOTES: 

1. Currents flowing into device pins are positive. All voltages are referenced to ground unless otherwise specified. For ease of interpretation, 
the parameter limit that appears in the MAX column is the largest value of the parameter, irrespective of sign. Similarly, the value in the MIN 
column is the smallest value of the parameter, irrespective of sign. 

All typicals are for Veg = —9V and Ta = 27°C. 

Itpc is measured as (Vax + Vuin)/(2 x 25) where Viyax and Vyix are the max and min voltages at TXO with a 25Q load between TXO and 
GND. Itac is measured as (Vax — Vain)/(2 x 25). 

The TXO pin shall continue to sink at least Itp¢ min when the idle (no signal) voltage on this pin is —3.7V. 

Collision threshold for an AC signal is within 10% of Vop. 

Measured on secondary side of isolation transformer (see Connection Diagram, Figure 1). The transformer has a 1:1 turns ratio with an 
inductance between 30 and 100uH at SMHz. 

Measured as the voltage difference between the RX pins or the CD pins with the transformer removed. 


> 


a 
9 
} 





mV 
mV 
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TIMING CHARACTERISTICS Veg = -9V +5%; Ta = 0 to 70°C, unless otherwise specified'. No external isolation diode on TXO. 


LIMITS 
PARAMETER TEST CONDITIONS 
Receiver start up delay RX! to RX+ (Figure 3) soso 
First received bit on RX+ Vaxi = —2V peak 


[in [Wax 

: me 
Reece ree 
sa Lcd Ft! 
aa 





SYMBOL UNIT 





bits 


3] 5 
niyo 


Differential output rise time on RX4+ and CD+?:3 
tre Differential output fall time on RX4+ and CD+?:9 


Differential output settling time on RX+ andCD+ 
to Vog = 40mV? (see Figure 5) 


S 


rc 
Nn 


try Receiver and cable total jitter 
taHi Receiver high to idle time Measured to +210mV ae ee 850 
Rise and fall time matching on RX+ and CD+ tae — tar Po Si. Oa 


Transmitter start-up delay TX+ to TXO 
(Figure 4) 


a3 
Wn 








bits 
bits 


ttst First transmitted bit on TXO 


Vixt = —-1V peak 
1 2 
First validly timed bit 


Transmitter prop delay TX+ to TXO 2 
(see Figure 4) Vix avpeak 
Transmitter rise time 10% to 90% (see Figure 4) 


tte Transmitter fall time 10% to 90% (see Figure 4) 


trp 
ttr 


3 
n 


tte — tra mismatch 


Transmitter added skew* 


tron Transmitter turn on pulse width (see Figure 4) Vix+ = 1V peak 
ttorr Transmitter turn off pulse width (see Figure 4) Vrxt = 1V peak 


3 )/5 
nan 1H 


3 
Nn 







N 
on 
3 
n 


a 
n 
qn 
Oo 
3S 3 =) 


ttm 
tts 
tcon Collision turn on delay (see Figure 6) OV to —2V step at RXI 
tcoFF Collision turn off delay (see Figure 6) —2V to OV step at RX! 
toHi Collision high to idle time (see Figure 6) Measured to +210mV 
foo Collision frequency (see Figure 6) MHz 
tcp Collision signal pulse width (see Figure 6) 
tHon Heartbeat turn on delay (see Figure 7) 
tuw 
tA 
tur 


Heartbeat test duration (see Figure 7) 


Jabber activation delay measured from TX+ to 
CD+ (see Figure 8) 


Ee JeE TS 
nln n 


n 


Jabber reset delay measured from TX+ to CD+ 
(see Figure 8) 


n 


NOTES: 
1. All typicals are for Veg = -9V and Ta = 27°C. 


2. Measured on secondary side of isolation transformer (see Figure 1, Connection Diagram). The transformer has a 1:1 turn ratio with an 
inductance between 30 and 100uH at SMHz. 

3. The rise and fall times are measured as the time required for the differential voltage to change from —225mV to +225mV, or +225mV to 
—225mV, respectively. 

4. Difference in propagation delay between rising and falling edges at TXO. 
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FUNCTIONAL DESCRIPTION 
The NE8392A contains four main functional 
blocks (see Block Diagram). These are: 


a. The receiver which takes data from the 
coaxial cable and sends it to the DTE. 


b. The transmitter which receives data from 
the DTE and sends it onto the coaxial 
cable. 


The collision detection and heartbeat 
generation circuitry which indicates to the 
DTE any collision on the coaxial cable 
and tests for collision circuitry functionality 
at the end of every transmission. 


9 


a 


The jabber timer which disables the 
transmitter in the event of a longer than 
legal length data packet. 


Receiver Functions 

The receiver consists of an input buffer, a 
cable equalizer, a 4-pole Bessel low pass 
filter, a squelch circuit and a differential line 
driver. 


The buffer provides high input resistance and 
low input capacitance to minimize loading 
and reflections on the coaxial cable. 


The equalizer is a high pass filter that 
compensates for the low pass effect of the 
coaxial cable and results in a flatband 
response over all signal frequencies to 
minimize signal distortion. 


The 4-pole Bessel low pass filter extracts the 
average DC voltage level on the coaxial cable 
for use by the receiver squelch and collision 
detection circuits. 


The receiver squelch circuit prevents noise 
on the coaxial cable from falsely triggering 
the receiver in the absence of a true signal. 
At the beginning of a packet, the receiver 
turns on when the DC level from the low pass 
filter is lower than the DC squelch threshold. 
For normal signal levels this will take less 
than 500ns, or 5 bits. However, at the end of 
a packet, a fast receiver turn off is needed to 
reject both dribble bits on the coaxial cable 
and spurious responses due to settling of the 
on-chip bandpass filter. This is accomplished 
by an AC timing circuit that disables the 
receiver if the signal level on the coaxial 
cable remains high for typically 250ns and 
only enables the receiver again after approxi- 
mately 1ps. Figures 3 and 5 illustrate receiver 
timing. 

The differential line driver provides typically 
+900mV signals to the DTE with less than 
7ns rise and fall times. When in idle state (no 
received signal) its outputs provide <20mV 
differential voltage offset to minimize DC 
standing current in the isolation transformer. 
The line driver outputs are emitter followers 
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and, for Ethernet applications where they 


drive a 78Q transmission line, require a 500Q 
pull-down resistor to Vee. For Thin Ethernet 
applications where the AUI cable is not used, 
the pull-down resistor can be increased to 
1.5kQ to save power consumption. 


Transmitter Functions 

The transmitter has differential inputs and an 
open collector current driver output. The 
differential input common mode voltage is 
established by the CTI and should not be 
altered by external circuitry. Controlled rise 
and fall times of 25ns (+5ns) minimize higher 
harmonic components in the transmitted 
spectrum, while matching of these rise and 
fall times to typically 2ns minimizes signal 
jitter. The drive current levels of the CTI are 
set by an on-chip bandgap voltage reference 
and an external 1% resistor. An on-chip 
isolation diode is provided to reduce the 
transmitters coaxial cable load capacitance. 
For Thin Ethernet applications, no further 
external isolation diode is required, since the 
NE8392A meets the capacitive loading 
specifications. For Ethernet applications a 
further external diode should be added to 
reduce loading capacitance. 


The transmitter squelch circuit ensures that 
the transmitter can only be enabled by 
negative-going differential signals of typically 
greater than 225mV in magnitude and 15ns in 
duration. The transmitter will be disabled at 
the end of a packet if there are no negative 
going signals of greater than 225mV for more 
than typically 250ns. Figure 4 illustrates 
transmitter timing. 


Collision Functions 

The collision detection scheme implemented 
in the NE8392A is receive mode detection, 
which detects a collision between any two 
stations on the network with certainty at all 
times, irrespective of whether or not the local 
DTE is producing one of the colliding signals. 
This is the only detection scheme allowed by 
the IEEE 802.3 standard for both repeater 
and non-repeater nodes. 


The collision circuitry consists of the 4-pole 
Bessel low pass filter, a comparator, a 
precision voltage reference that sets up the 
collision threshold, a heartbeat generator, a 
10MHz oscillator, and a differential line driver. 


The collision comparator monitors the DC 
level at the output of the low pass filter and 
enables the line driver if it is more negative 
than the collision threshold. A collision 
condition is indicated to the DTE by a 10MHz 
oscillation signal at the CD outputs and 
typically occurs within 700ns of the onset of 
the collision. The collision signal begins with 


442 


a negative-going pulse and ends with a con- 
tinuous high-to-idle state longer than 170ns. 
Figure 6 illustrates collision timing. 


At the end of every transmission, the 
heartbeat generator creates a pseudo 
collision to ensure that the collision circuitry is 
properly functioning. This pseudo collision 
consists of a Ips burst of 10MHz oscillation 
at the line driver outputs approximately 1s 
after the end of the transmission. The 
heartbeat function can be disabled externally 
by connecting the HBE (heartbeat enable) to 
Veg. This allows the CTI to be used in 
repeater applications. Figure 7 illustrates 
heartbeat timing. 


As with the receiver outputs, the collision 
outputs also require a pull down resistor to 
Vee and maintain <20mV differential voltage 
offset in the idle state to minimize DC 
standing current in the isolation transformers. 


Jabber Functions 

The jabber timer monitors the transmitter and 
inhibits transmission if it is active for longer 
than typically 30ms. The jabber circuit then 
enables the collision outputs for the 
remainder of the data packet and for typically 
450ns (unjab time) after ithas ended. At this 
point the transmitter becomes uninhibited. 
Figure 6 illustrates jabber timing. 


Detection of Coaxial Cable Faults 
In the NE8392A there is no internal loopback 
path from the TX inputs to the RX outputs. 
This means that, when the local DTE is 
transmitting, the signal will only be present at 
the receiver outputs RX+ and RX-— if it 
appears on the coaxial cable and is larger 
than the receiver squelch threshold Vrs. Ifa 
short circuit fault condition occurs at the cable 
connector to the CTI, then no signal will 
appear at the receiver outputs. An intelligent 
DTE can, therefore, detect this fault. If the 
fault is an open circuit, then a continuous 
collision signal will be sent to the DTE, 
provided the average DC voltage at the RXI 
pin is greater than the typical collision 
threshold of —1.53V. 


If a short or open circuit occurs elsewhere on 
the coaxial cable, the resulting reflections can 
result in an impedance at the CTI of any 
value between a short circuit and 50Q, 
depending on the distance of the CTI from 
the fault. The upper limit of 50Q results from 
the fact that the coaxial cable is terminated in 
50Q at both ends. Faults on the cable itself 
are, therefore, not guaranteed to be detected 
by simply monitoring the RX and CD pins 
when in the transmit mode, and more 
sophisticated schemes may be necessary. 
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12 TO 18V DC 
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TRANSMIT 
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NOTES: 


DC TO DC 
CONVERTER 


+ 
9V (ISOLATED) 





16 
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3 NE8392A “4 


13 


1. T1is a 1:1 pulse transformer, with an inductance of 30 to 100yH. 
2. IN916 or equivalent for Ethernet, not required for Thin Ethernet. 


MAU = Medium Attachment Unit 


ZOor-aorron- 


Figure 1. Connection Diagram 


(OPTIONAL) SERIAL NETWORK 
NETWORK INTERFACE 
(AUI CABLE) INTERFACE CONTROLLER 


AUI Cable = Attachment Unit Interface Cable (not used in Thin Ethernet applications) 
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Figure 2. Interface Diagram for Ethernet/Thin Ethernet Local Area Network 
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Figure 3. Receiver Timing 


Figure 5. Receiver End-of-Packet Timing 


VFcp 
Figure 6. Collision Timing 
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Figure 7. Heartbeat Timing 
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Figure 8. Jabber Timing 
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DESCRIPTION 
The NE86950 EtherStar™ is a highly 
integrated, local area network controller 
that supports both IEEE 802.3 
CSMA/CD 10Mb/s Ethernet and 1Mb/s 
StarLAN™ protocols. Configurable for 
8- or 16-bit wide bus interfaces, it links a 
host system bus to the local area 
network (LAN) transceiver or drivers in 
cost sensitive network applications such 
: aS personal computers, terminals, 
workstations, and other resource- 
sharing controllers with the minimum 
amount of controlling software and host 
system EtherStar interaction. Its design 
enables the controller to be connected 
directly on the main system bus without 
contention with the host CPU for the 
bus. Also, there is no need for a 
dedicated local CPU to handle data 
transfers. 












Document No. 
ECN No. 


Date of Issue 


EtherStar is normally part of a three chip 
set that forms a complete Ethernet/Thin 
Ethernet interface for a Data Terminal 
Equipment. The EtherStar is the 
Network Interface Controller (NIC) and 
the other chips are a Serial Network 
Interface (SNI), such as the NE502A, 
and a Coaxial Transceiver Interface 
(CTI), such as the NE8392A. The SNI 
provides Manchester encoding and 
decoding while the CTI provides the 
physical attachment to the coaxial 
medium. 


ORDERING INFORMATION 







DESCRIPTION 
80-Pin Plastic Quad Flat Pack 
84-Pin Plastic Leaded Chip Carrier 





TEMPERATURE RANGE ORDER CODE 
O°C to +70°C NE86950BB 


O°C to +70°C 


NE86950 


EtherStar™ Ethernet controller 


PIN CONFIGURATION 


Packages 


FEATURES 
@ |EEE802.3 CSMA/CD Ethernet/Thin 
Ethernet and StarLAN compatibility 


@ Configurable for 8-bit or 16-bit data 
path widths 


@ Unique buffer management 
architecture arbitrates all dedicated 
SRAM or DRAM memory data 
accesses and automatically allocates 
buffer memory area for incoming data 
frames 


84-—PIN 
PLASTIC LEADED 
CHIP CARRIER 
(PLCC) 


@ Allows simultaneous transfer of data 
frames to/from host system and 
transmission/reception of data frames 
to/from LAN media 


@ Allows automatic retransmission of 
data packets during collisions, thus 
saving bus bandwidth 


® Keeps track of all buffer memory area 
pointers internally in hardware to 


reduce software overhead TOP VIEW 





® Supports data transfers at up to 3.3 
Mbytes or Mwords per second to the 
host system 


© Addresses 8, 16, 32, or 64 Kbytes of 
dedicated SRAM or DRAM buffer 
memory. Dedicated buffer memory 
architecture allows data packet 
reception without using bus bandwidth 


APPLICATIONS 
@ Workstations 


@ Terminals 
® File servers 


® Print servers 
® Supports DMA transfers 


@ Available in 84-pin plastic J-bend 
PLCC or 80-pin plastic quad flat pack 


@ Dual metal, CMOS technology 


@ 25mA typical Icc current 





NE86950BA 
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ETHERSTAR BLOCK DIAGRAM 
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PIN ASSIGNMENTS — PLCC 


1 GND1 

2 RCKN 

3 RXD/RXDS 

RESET 
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PIN DESCRIPTIONS 


PLCC | PQFP | SYMBOL | TYPE | DESCRIPTION 


Device Configuration Pins 


NETWORK CONFIGURATION: configures EtherStar for Ethernet (ET/STAR = 1) or StarLAN (ET/ 
73 ET/STAR STAR = 0) 
pm fe | ew [io | BYTE/WORD SELECT: 8/W = 1 configures EtherStar for an -bit data bus, B/W = 0 configures 


EtherStar to a 16-bit data bus. 
75, 76 BS1, BSO 






























BUFFER SIZE SELECT LINES: These inputs, together with B/W, determine the size of the buffer 
memory supported by EtherStar. For word transfers, BHE should be asserted. Refer to the BHE 


signal description for more details. [BS1]BSO| BW=11 BW=0. 









TRANSMIT ENABLE: This pin becomes active when the first bit of the outgoing packet is valid and 
is held stable during transmission of data from the TXD/TXDS pin. This pin goes low after the last bit 
of the packet is clocked out. The TEN pin interfaces directly with the TEN pin of the Ethernet 

encoder/decoder, such as Signetics NE502A, in Ethernet configuration only. 


LOOPBACK CONTROL: When LBC = 1, indicates that EtherStar is in the loopback mode. In 
Ethernet configurations, this pin connects to LBC on the encoder/decoder, and instructs it not to send 
data to the Ethernet medium but to send the original data packet back to EtherStar for validation. In 

StarLAN configurations, this also occurs but loopback occurs on-chip. 


CARRIER DETECT: This signal is provided by the encoder/decoder. It indicates the 
carrier on the network media. 















presence ofa 


COLLISION DETECT: This active low input indicates that a collision has been detected on the net- 
work media. Signal is provided by the encoder/decoder for Ethernet configurations or as an optional 
pin for StarLAN configurations. 


TRANSMIT DATA (Ethernet)/TRANSMIT DATA (StarLAN): This pin is a dual function pin. In an 
Ethernet configuration, (ET/STAR = 1), TXD/TXDS is the serial data output to the encoder/decoder. 
In a StarLAN configuration (ET/STAR = 0), TXD/TXDS transmits Manchester encoded data to an 

RS-422 type transceiver. 
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PIN DESCRIPTIONS (Continued) 


PLCC | PQFP | SYMBOL | TYPE | DESCRIPTION 


Network Interface Pins (Continued) 


TRANSMIT CLOCK (Ethernet)/StarLAN CLOCK (StarLAN): This pin is a dual function pin. In an 
TCKN/ Ethernet configuration, (ET/STAR = 1), TCKN/TCKNS is the input clock. Typically this clock is 10MHz 
TCKNS and is generated by the external encoder/decoder. In a StarLAN configuration (ET/STAR = 0), TCKN/ 
TCKNS is a 10MHz clock required by the on-chip Manchester encoder/decoder. 


RCKN RECEIVE DATA CLOCK: This is the 10MHz synchronous receive data clock signal supplied by the 
encoder/decoder. Not used in StarLAN configurations. 


RECEIVE DATA (Ethernet)/RECEIVE DATA (StarLAN): This pin is a dual function pin. In an 

Ethernet configuration, RXD/RXDS is the serial data input line from the external encoder/decoder. Ina 
StarLAN configuration, RXD/RXDS is the input line that receives the asynchronous 1MHz Manchester 
encoded data from the LAN network. 

















CRYSTAL OUTPUT: This is the 10MHz output pin required if a crystal is used. It is available for 
StarLAN configurations only. The multiplexed pin TCKN/TCKNS is used as the OSCIN input in 
conjunction with the TCKP signal pin if a crystal is used. 
















RXD/ 
RXDS 





System Interface Pins 


RESET 


5-12 | 16-23 | SD7-SDO 
31-38 | 41-48 | SD8-SD15 


DATA SELECT: Active low. Enables read/write operation between the host system and EtherStar’s 


—. buffer memory port (BMPRO) and buffer manager registers (BMPR2-4). 
END OF PROCESS: Indicates that an entire packet has been transferred between the buffer memory 
EOP and the host system. When the DMA controller asserts EOP, further assertions of EtherStar’s bus 
request output, BREQ, will be discontinued. 





HARDWARE RESET: Active high. A minimum pulse of 21s in duration is required. This pin resets 
EtherStar's internal pointers and registers to the appropriate state. 





















SYSTEM DATA BUS: Ali data, command and status transfers between the host system and 
EtherStar take place over this bidirectional, 3-state bus. The direction of the transfer is controlled by 
RD and WRT. The type of transaction which is occuring is controlled by RSEL, DSEL, and BACK. 

The portion of the data bus over which the transaction occurs is controlled by B/W, BHE, and SAO. 






V/O 


READY: Active low. This output is asserted to indicate to the host system that EtherStar is ready to 
complete the requested read or write operation. It will also be asserted if the device is unable to re- 
spond to the request for a read or write within 2.4us. In that case, EtherStar will also assert RINT and 
the bus read error status bit (DLCR2, bit 6) or TINT and the bus write error status bit (DLCRO, bit 0). 


TRANSMIT INTERRUPT: Active low. Indicates that EtherStar requires host system attention after 
successful transmission of a packet or if an error occurs during transmission. This interrupt is 
maskable and can be cleared by writing to DLCR1. 





Z 






RECEIVE INTERRUPT: Active low. Indicates that EtherStar requires host system attention after 
successful reception of a packet or during reception should any error conditions occur. This signal is 
maskable and can be cleared by writing to DLCR3. 


; 








REGISTER SELECT: Active low. Enables read/write operations between the 16 data link control 
registers (DLCRO-15) and the host system. 


A 








ah 
Oo 
@ Nh 
fh N 


19, 20 | 30, 31 | SA3, SA2 SYSTEM ADDRESS LINES: Specifies which of the internal registers or ports of EtherStar is selected 
24, 25 | 34, 35 | SA1, SAO for read/write operations. 


TEST MODE: The signal on this pin is the complement of the value of the TM bit (DLCR4, bit 2). It is 


used to control external functions. 
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BYTE HIGH ENABLE: Active low. This pin is the byte/word control line. It is used only when EtherS- 
tar is configured for a 16-bit data bus (BW = 0). It allows word, upper byte only or lower byte only 
transfers. The address select pin SAO is used with BHE for byte or word transfers as follows: 







FUNCTION 

Word transfer (BMPRO, BMPR2-3, 4 only) 
Byte transfer on upper half of data bus ( 515. -SD8) 
Byte transfer on lower half of data bus (SD7. -SD0) 
Reserved 


Byte (SD7-SD0) 
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PIN DESCRIPTIONS (Continued) 


PLCC | PQFP | SYMBOL | TYPE | DESCRIPTION 


System Interface Pins (Continued) 




















READ: Active low input which specifies that the current transfer between EtherStar and the host sys- 
tem is a read from one of EtherStar’s internal registers or its data port. 














WRITE: Active low input which specifies that the current transfer between EtherStar and the host 
system is a write to one of EtherStar’s internal registers or its data port. 


BUS ACKNOWLEDGE: Active low. Indicates that the DMA controller is ready to transfer data be- 
tween the host system and EtherStar’s buffer memory. 


BUS REQUEST: Issued to the DMA controller to indicate that EtherStar has data available to be read 
in its receive buffer, or is ready to accept data into its transmit buffer. 


PACKET RESET: This signal pin follows the RMT RST bit (DLCR2, bit 4) that indicates a complete 
special data packet with the data length field O900H has been received. This is intended to be used 
as a hardware control function from other nodes in the network. 






72 


m w no nm nm 
w w w 
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Buffer Memory Control Pins 


WRITE ENABLE: Active low. This output enables the DRAM memory buffer for write operations. 


ROW ADDRESS STROBE: Active low. Outputs to the DRAM buffer memory 


| TAS | © | COLUMN ADDRESS STROBE: Active low. DRAM buffer memory column address strobe. 


i> halo 
&} - 0) 0 


fp 
a 
cn 
n> 


BUFFER MEMORY ADDRESS: These eight lines can address 64 Kbytes of DRAM buffer memory 
OUTPUT ENABLE: Active low. Used to enable the buffer memory during read operations. 
BUFFER MEMORY DATA: Data lines between the DRAM buffer memory and EtherStar. This 3-state 
data bus is configurable for an 8-bit or 16-bit data size by the B/W input. 


on 
Orin 
Mla} ao 

oh 


a 
@ 







-62 | 63-71 
-72 | 74-80 






on 
aoL 








oO 


SYSTEM GROUND 


POWER SUPPLY: A nominal +5VDC supply is required. 
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ABSOLUTE MAXIMUM RATINGS?4 


SYMBOL PARAMETER RATING 

Voc Supply voltage —0.3 to 6.0 
Vin DC input voltage2 -~0.3 to Vocg + 0.3 
Ty 


[Maximum recommended unefon temperature | 


Thermal impedance A package 
Bsa B package 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and func- 
tional operation of the device at these or any other condition above those indicated in the operation section of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability. 

2. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. 
Nonetheless, it is recommended that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

3. Parameters are valid over specified temperature range and supply voltage range unless otherwise noted. 

4. All voltage measurements are referenced to ground (GND). All time measurements are referenced at input and output levels of 1.5V. For testing, 
all inputs swing between 0.4V and 2.4V. See Figure 13. 





DC ELECTRICAL CHARACTERISTICS! 2 T, = 0 to 70°C; Voc = 5V +5%, unless otherwise stated. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS Typ | Max | UNIT 


Tos |v 
V 














fo 


VoL Low level output voltage 
All except BREQ lo. = 3.2mMA 0.4 V 
BREQ lo. = 12.8MA 0.4 V 


2.2 

High level output voltage 
All except BREQ lo. = -0.4mA 4.2 
BREQ lol = -10.0mA 4.2 





IL 
IH 
OH 
lu 
Thre-state output leakage current Vo =OorVecc —10 
loc? 


pct Operating Vcc supply current No SNe 1OMHz, P| 


Static Vcc supply current All inputs static; V; = 0 or Vcc 


NOTES: 

1. Parameters are valid over specified temperature range and supply voltage range unless otherwise noted. 

2. All voltage measurements are referenced to ground (GND). All time measurements are referenced at input and output levels of 1.5V. For testing, 
all inputs swing between 0.4V and 2.4V. See Figure 13. 

3. Limited functional test patterns are performed during device testing for this parameter. 


25 
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AC ELECTRICAL CHARACTERISTICS!: 2; 3 T, = 0 to 70°C; Voc = 5V +5%, unless otherwise stated. 


, LIMITS 
tavRL Address, select control valid to read low 
tRHAl Read high to address, select and control invalid 


taLAL 14, t3 Read low to RDY low* 


fee 

feat 

a 

fica! 

taLpv RDY low to data valid ee ee 22 

tRHDT Read high to data three state ol aa 45 
fa nel 
es 
— 
ees 
— 


WI] @ 
Opa 


ns 
ns 


trow 14, t7 Read pulse width 
tavWL Address, select and control valid to write low iON: 
tWHal Write high to address, select and control invalid 


n 


a 
nA TnI on 


> 
n 


tos Write low to data valid Pee tl ns 
tou 


Write high to data invalid 


w 
on 
DS 
”n 


tWLRL Write low to RDY low® Ema 
WHRH Write high to RDY high Pe oe 
tWHBRH Write high to bus request high 


Po 
> 


S 


ZS 
n 


IBALEH Bus acknowledge low to end of process 
tepw End of process pulse width 


oo) 
n 


es 
te! 
ieee 
ae 
ee 
a 
tELBAH End of process low to bus acknowledge high Eten ie 
tBaLBRL Bus acknowledge low to bus request low PE 
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a 
ad 
ees 
ar 
feed 
Eee 
i 
| 23 
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35 


5 
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nn 
© 
ZS 
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n n n 


taaws Bus acknowledge low to read/write low 
tBAWH Read/write high to bus acknowledge high 
tRWLAL Read/write low to RDY low fe 
tawiRH Read/write high to RDY high ee = 
tuBcp Loopback control delay 
trp Test mode signal delay 
tiNTD Interrupt signal mask/clear delay 
tteEND Transmit enable dealy’ 


YC 9 TCKN cycle 
9 
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9 
9 
9 


n 


{| wo 
aio 
OTH 


Oo w ; 
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C Access time from CAS 


—_ 
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Access time from OE 

Data hold before CAS high 
RAS precharge time 
RAS pulse width 
CAS precharge time 
CAS pulse width 

Row address setup time 
Row address hold time 
Column address setup time 
Column address hold time 
Write command setup time 
Write command hold time 
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AC ELECTRICAL CHARACTERISTICS! 2: 3 (Continued) 


LIMITS 
Typ | Max_| UNIT 


SYMBOL 


Wi 


PARAMETER 


Write command pulse width 


19 Data to CAS setup time 55 

9 
ee | 
20, 115 
21-24, t2 Transmit clock high width 35 


21-24, t6 Transmit interrupt to transmit enable low 


21-24, t7 Collision detect width 20 
21-24, t8 Collision inactive spacing 
21-24, t9 Minimum collision length 520 


25, tS Receive carrier sense setup 
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AC ELECTRICAL CHARACTERISTICS! 2; 3 (Continued) | 


LIMITS 
SYMBOL PARAMETER 


Receive width long 


tcLTE TCKN low to transmit enable 


TEN active to first bit Manchester code 
TEN inactive to last bit Manchester code aces 


NOTES: 

1. Parameters are valid over specified temperature range and supply voltage range unless otherwise noted. 

2. Allvoltage measurements are referenced to ground (GND). All time measurements are referenced at input and output levels of 1.5V. For testing, 
all inputs swing between 0.4V and 2.4V. See Figure 13. 

3. AC test condition: for bidirectional busses (SD0O-SD15, BDO-BD15) C, = 85pF, for all other outputs C, = 60pF. See Figure 13. 

4. When reading from the buffer memory port, BMPRO, a worst case time of 2.25y1s may occur if the buffer manager is required to service simulta- 
neous access requests from the system, the refresh controller, and the network (operating in loopback mode). The worst case time is 2.4us if 
the system attempts to read an empty receive buffer memory. A BUS RD_ERR will occur in the latter case. 

5. When writing to the buffer memory port, BMPRO, a worst case time of 2.25us may occur if the buffer manager is required to service simultaneous 
access requests from the system, the refresh controller, and the network (operating in loopback mode.) The worst case time is 2.4us if the system 
attempts to write to a full transmit buffer memory. A BUS _ WR_ERR will occur in the latter case. 

6. A worst case time of 2.25us may occur if the buffer manager is required to service simultaneous access requests from the system, the refresh 
controller, and the network (operating in loopback mode). 

7. This timing assumes that the network is free. 

8. The 32 jam bits include eight data bits and 24 ‘0' bits. 


HOST CPU MAIN MEMORY 


MAIN OR LOCAL 
SYSTEM BUS 





LAN 
NETWORK 
MEDIA 


NE8392A 


NE502A 
eraencrap ETHERNET ETHERNET 
ENDEC* TRANSCEIVER 


*NOT NEEDED IN STARLAN 
DEDICATED CONFIGURATIONS 
BUFFER 


MEMORY 





Figure 1. Typical System Configuration 
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GENERAL DESCRIPTION 

The NE86950 EtherStar is a highly 
integrated, local area network controller that 
supports both IEEE 802.3 CSMA/CD 10Mb/s 
Ethernet and 1Mb/s StarLAN protocols. 
Configurable for 8- or 16-bit wide bus 
interfaces, it links a host system bus to the 
local area network (LAN) transceiver or 
drivers in cost sensitive network applications 
such as personal computers, terminals, 
workstations, and other resource-sharing 
controllers with the minimum amount of 
controlling software and host system- 
EtherStar interaction. Its design enables the 
controller to be connected directly on the 
main system bus without contention with the 
host CPU for the bus. Also, there is no need 
for a dedicated local CPU to handle data 
transfers. 


EtherStar arbitrates access to a dedicated 
DRAM or SRAM buffer memory of up to 64 
Kbytes in size. The transfer of data frames 
to/from the host system and the transmission/ 
reception of data frames to/from the network 
media can occur simultaneously. EtherStar 
supports transfers to/from the system using 
programmed I/O or DMA. EtherStar inte- 
grates a data link controller (DLC), a 1Mb/s 
Manchester encoder/decoder, a dynamic 
memory controller (DMC), and a buffer man- 
ager to arbitrate simultaneous access to the 
buffer memory by the host system CPU and 
the data frames from the LAN media. The 
DLC block provides for automatic generation 
and stripping of the 64-bit preamble, 32-bit 
CRC generation/checking, serial and parallel 
data conversions, automatic retransmission, 
contention resolution by binary exponential 
back-off, and address recognition for 10Mb/s 
Ethernet and 1Mb/s StarLAN supporting 
IEEE 802.3 CSMA/CD specifications. 


SYSTEM CONFIGURATION 

A typical system configuration for the 
NE86950 EtherStar is shown in Figure 1. On 
the host side, EtherStar interfaces to the 
system bus to obtain configuration 
information for its internal control registers, to 
provide receive and transmit status 
information from its internal status registers, 
to move data packets to be transmitted from 
the host memory to EtherStar’s dedicated 
buffer memory, and to deliver received data 
packets from the dedicated buffer memory to 
the host system. The network side 
connection depends on the protocol mode of 
operation. For Ethernet mode, EtherStar 
connects to the LAN media via an external 
Manchester encoder/decoder (such as 
Signetics’ NE502A) and an Ethernet 
transceiver (such as the Signetics NE8392A). 
In StarLAN mode, the encoding/decoding 
function is performed internally, and EtherStar 
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attaches to the LAN media via appropriate 
RS-422 drivers and receivers. 


BUFFER MEMORY 

As described above, the NE86950 uses a 
dedicated buffer memory for intermediate 
storage of data frames to be transmitted and 
of data frames received from the network. 
The BSO and BS1 input pins configure 
EtherStar to operate with 8, 16, 32 or 64 
Kbytes of buffer. This memory is partitioned 
into two separate address spaces: the first 
four Kbytes are reserved for transmit buffers, 
while the remainder of the memory is used 
for a receive buffer (see Figure 2). 


TRANSMIT BUFFER 1 
(2K FIXED) 


TRANSMIT BUFFER 
RING 


TRANSMIT BUFFER 2 
(2K FIXED) 


RECEIVED PACKET n43 
(LAST PART) 


CURRENTLY AVAILABLE 
FREE BUFFER AREA 


RECEIVE BUFFER 
RING 


RECEIVED PACKET n | ©OKBYTES MAX) 


RECEIVED PACKET n+1 


RECEIVED PACKET n+2 


poeeeN ea raters PART). n+3 


NOTES: 

1. L = 8, 16, 32 OR 64 Kbytes 

2. Packets are aligned on an eight byte 
boundary 

3. Each received packet is preceded by a 
four byte packet header as follows: 
Byte 0 —- Packet Status 
Byte 1 - Not Used 
Byte 2 - Packet Size LSBs 
Byte 3 - Packet Size MSBs 


Figure 2. Buffer Memory Organization 


EtherStar supports both programmed I/O and 
DMA transfers between the buffer memory 
and the host system. The host accesses the 
buffer memory by reading from or writing to 
EtherStar’s buffer memory port register, 
designated BMPRO. The RDY signal 
synchronizes these transfers to 
accommodate other internal buffer access 
requests. 


Access to the transmit and receive buffers is 
completely managed by EtherStar. As 
required, it updates its internal pointers to 
these buffers for the tasks of transmission, 
retransmission, reception, rejection of bad 
frames, and data transfers to and from the 
host. Thus, the host is relieved of these buffer 
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management functions, making EtherStar 
extremely easy to operate and reducing 
firmware requirements substantially. 


Transmit Buffer 

The transmit buffer space is divided to form a 
ring structure of two transmit buffers, each 
two Kbytes in length. These function in a 
‘ping—pong’ manner to permit one of the 
buffers to be loaded by the host while the 
contents of a previously loaded data frame 
are being transmitted to the network. 


Internal pointers, managed by EtherStar, 
control which of the two buffers is selected for 
access by the host and which byte/word of 
that buffer is written to. At reset, the pointers 
are initialized to point to the beginning of one 
of the transmit buffers. Each time the host 
writes data to the buffer via BMPRO, an 
internal pointer is advanced to the next 
memory location within the transmit buffer. 
Once a data byte/word is written it cannot be 
read, and the internal pointer cannot be 
reversed. When the host has completed 
loading an outbound data packet into the 
buffer by successive writes to BMPRO, it 
initiates transmission of that data packet to 
the network by writing the length of the 
outbound packet to the packet length register 
within EtherStar. The internal pointers are 
then automatically set to point to the 
beginning of the second transmit buffer; that 
buffer is then available to be loaded with the 
next outbound packet. When the contents of 
the first data buffer are successfully . 
transmitted, it again becomes available for 
use by the host. 


Receive Buffer 

Buffer memory from 4K through the end of 
memory is used for receiving packets from 
the network. This portion of the buffer is not 
partitioned into fixed length buffers, but is 
dynamically allocated as packets are 
received. Each received packet is preceded 
by a four byte header which provides packet 
status and the length of that data packet. All 
receive buffers are aligned on an eight byte 
boundary and are linked by internal pointers 
to form a ring structure. 


A status bit in one of EtherStar's internal 
registers informs the host when one or more 
packets are resident in the receive buffer 
memory and available to be read. The host 
retrieves these packets from the buffer 
memory by successive reads of BMPRO. 


Once a data byte/word is read from the buffer 
memory, internal pointers are advanced and 
that memory becomes available for reception 
of new packets. 


If EtherStar detects a bad incoming packet 
(CRC error, etc.), it releases the buffer space 
in which that packet is contained and resets 
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its internal pointers so as to use that space 
for the next incoming packet. If an incoming 
packet requires more space than remains 
available in the buffer, that packet is 
automatically rejected. 


NE86950 FUNCTIONAL 
DESCRIPTION 

As illustrated in the block diagram, the 
NE86950 consists of five major functional 
blocks: system interface, buffer manager, 
DRAM controller, data link controller, and 
StarLAN encoder/decoder. The operation of 
these blocks is described below. 


System Interface 

The system interface block provides the 
connection between EtherStar and the host 
CPU. EtherStar supports both 8- and 16-bit 
bus architectures and byte or word transfers. 
It may be operated in |/O-mapped, memory 
mapped, or DMA modes. Two interrupt 
outputs, TINT and RINT, are provided which 
may be programmed by the user to alert the 
host CPU of transmitter and receiver status 
conditions requiring host intervention. 


Two sets of user accessible registers are 
contained within EtherStar: the data link 
control register set and the buffer memory 
port register set. Address decoding circuits 
within the system interface block select the 
appropriate register within the NE86950 for 
read and write transactions. All registers are 
accessible as bytes. Additionally, when the 
interface is configured for word mode (B/W = 
0), the registers in the BMPR set can be 
accessed as bytes or as words. 


Buffer Manager 

The buffer manager automatically arbitrates, 
prioritizes and services requests for access to 
the buffer memory from the data link 
controller, the refresh timer within the DRAM 
controller, and the host system, in that order. 
It updates all buffer memory pointers, 
allocates memory space for incoming data 
packets, and controls pertinent bits within the 
status registers. 


The arbitration mechanism interleaves the 
buffer memory accesses without loss of data, 
so that operation appears to be 
‘simultaneous’: data can be written to or read 
from the buffer memory by the host via 
BMPRO while data frames are retrieved for 
transmission and/or provided for storage by 
the data link controller. Thus, the buffer 
manager supports all the cases of 
‘simultaneous’ access to the buffer memory, 
as conveyed in Figure 3 and as follows: 
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TRANSMIT WHILE SIMULTANEOUSLY RECEIVING 
OCCURS IN LOOPBACK OR BROADCAST MODE. 


Figure 3. Simultaneous Operations 
Possible with EtherStar 


1. The host can transfer a packet to a 
transmit buffer while data from the network is 
stored in a receive buffer. 


2. The host can retrieve a packet from a 
receive buffer while data from a transmit 
buffer is obtained by the data link controller. 


3. The data link controller can obtain data 
from a transmit buffer while the host loads the 
next packet into the second transmit buffer. 


4. The data from the network is stored ina 
receive buffer while the host reads the data in 
another receive buffer. 


5. The host retrieves a packet from a receive 
buffer while the network side stores data in a 
different receive buffer and obtains data from 
a transmit buffer (e.g., in loopback or 
broadcast address modes). 


6. The host delivers a packet to a transmit 
buffer while the network side obtains data 
from the second transmit buffer and stores 
data in a receive buffer (e.g., in loopback or 
broadcast address modes). 


DRAM Controller 

The DRAM controller provides address 
multiplexing, timing and automatic refreshing 
for a DRAM dedicated buffer memory. In 8-bit 
bus mode (B/W = 1) EtherStar supports a 
memory of up to 64Kx8. In 16-bit bus mode 
(B/W = 0), a memory of up to 32Kx16 can be 
used. 


Data Link Controller 

The data link controller (DLC) fully 
implements the IEEE 802.3 CSMA/CD 
specification for 10Mb/s Ethernet and 1Mb/s 
StarLAN. It assembles data packets for 


456 


transmission and disassembles received data 
packets. The DLC provides for automatic 
generation and stripping of the 64-bit 
preamble, 32- bit CRC generation and 
checking, contention resolution by binary 
exponential back-off, several modes of 
address recognition, and serial/parallel and 
parallel/serial conversions. 


Receiver 

The receiver includes a receive state 
machine, serial to parallel converter, 
preamble recognition circuitry, address 
comparison logic for the various modes of 
address recognition, CRC checker anda 
FIFO. 


The receiver state machine provides 
sequencing of events for the receiver, 
including idle, address recognition, data, CRC 
check and hold. It detects various receive 
error conditions and sets appropriate bits 
within the DLC registers. 


A six byte receive data FIFO provides a small 
elastic buffer for synchronization with the 
buffer manager timing, and to hold data in the 
event that the buffer manager is servicing 
another buffer memory access request. 


All received bytes are delayed by four bytes 
so that the last four bytes of the packetcan — 
be trapped and checked for correct CRC. 
These CRC bytes are not transferred to the 
receive buffer. 


During reception, packets are automatically 
rejected if space in the receive buffer is 
insufficient to hold the entire received frame 
or if certain error conditions are detected. 
Status bits in the receive status register are 
set to indicate these occurrences. 


Transmitter 
Circuits within the transmitter include a 
transmitter state machine, a FIFO, preamble 
generator, CRC generator, parallel to serial 
converter, back-off generator and a time 
domain reflectometer (TDR) counter. 


The transmitter state machine provides 
sequencing of events for the transmitter, 
including idle, preamble, data, CRC, 
interframe gap, jam and back-off. It detects 
various transmit error conditions and sets. 
appropriate bits within the DLC registers. 


The two-byte FIFO provides a small amount 
of elastic buffering that the buffer manager 
can load with data to be transmitted. The 
CRC generator produces the standard 
Ethernet 32-bit CRC that is appended to the 
end of the packet data field. 


A 17-bit pseudo-random number generator 
provides for the back-off function. This is 
clocked at the bit rate so that distances 
between stations become part of the 
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randomizing function. It is sampled at the 
time of collision and counted down at the slot- 
time rate (512 bits) defined in the Ethernet 
specification, which provides a binary 
exponential back-off from collisions. 


The TDR function is provided by a 14-bit 
counter that counts the actual number of bits 
transmitted for each packet before a fault 
condition occurs. See DLCR7 and DLCR15 
description for full details of operation. 


lf EtherStar detects a collision during 
transmission (XCOL input asserted in 
Ethernet mode, internal detection in StarLAN 
mode), it will automatically try to re-transmit 
the packet until sixteen attempts have been 
made. Status bits in the transmit status 
register are set in case of a collision and 
sixteen consecutive collisions. 


Starlan Encoder/Decoder 

This unit is operational when the NE86950 is 
set for StarLAN mode by tying the ET/STAR 
configuration pin LOW. 


When transmitting data, the encoder section 
converts the 1Mb/s serial NRZ stream from 
the DLC to Manchester code and detects 
collisions. EtherStar monitors its receive input 
during transmission and assumes a collision 
has occurred if the received Manchester 
encoded data is not valid (i.e., anything but 
valid Manchester). However, this received 
data is not transferred to the data buffer 
unless the loopback mode has been enabled. 


When receiving, a digital phase locked loop 
within the decoder section extracts a 
synchronized clock from the received data 
stream, while simultaneously converting the 
Manchester encoded data to NRZ form. The 
synchronized clock and data are then passed 
to the data link controller. 


REGISTERS 

The operation of the NE86950 is 
programmed prior to beginning operation by 
writing control words into appropriate 
registers within the device. Operational 
feedback is provided by status registers 
which can be read by the CPU. Certain bits 
in the control registers can also be 
manipulated during operation to change the 
device's operation, e.g., which status bits are 
enabled to cause interrupts. The user 
accessible registers within EtherStar are 
divided into two sets: the data link control 
register set and the buffer memory port 
register set. Table 1 defines the address 
decoding for these registers. 


The data link control register set, consisting 
of the 16 registers DLCRO-DLCR15, contains 
transmit control and status registers, receive 
control and status registers, transmit and 
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receive interrupt masks, and node ID 
registers. The registers within this set are 
byte aligned and byte accessible. The node 
ID registers (DLCR8—-DLCR13) are protected: 
their contents can only be changed when the 
data link controller is disabled by setting the 
enable data link controller bit, DLCR6<7>, to 
a'1', or immediately after device reset. 


The buffer memory port register set provides 
the host with the mechanism to access the 
transmit and receive buffers, as well as 
controlling DMA operation. This set contains 
the buffer memory port register (BMPRO), 
transmit packet length registers 
(BMPR2-BMPR3), and a DMA control 
register (BMPR4). These registers are word 
aligned and byte or word accessible. When 
the host reads from or writes to BMPRO, the 
RDY output synchronizes the data transfer, 
since there may be higher priority requests 
for access to the buffer memory pending from 
the data link controller and/or from the DRAM 
refresh controller. If the buffer manager 
cannot respond to the host's access request 
within 2.4us, it sets an appropriate status bit 
(bus read error or bus write error) and then 
asserts RDY while simultaneously asserting 
the corresponding interrupt line (RINT or 
TINT). This will not typically occur during 
normal operation, but only if the host 
attempts to read from an empty receive buffer 
Or to write to a full transmit buffer. 


In byte mode (B/W = 1), all registers are 
accessed as bytes. Note that when accessing 
the buffer memory in byte mode, successive 
bytes are read or written from BMPRO. When 
the interface is configured for word mode 
(B/W = 0), all transactions to the buffer 
memory port must be word transactions; 
successive words are read or written from 
BMPRO. The other registers in the BMPR set 
can be accessed as bytes or as words, 
depending on the state of the BHE and SAO 
inputs, as described in the Pin Descriptions 
table. 


Tables 2 and 3 provide an overview of the 
contents and functions of each register in the 
DLCR set and the BMPR set, respectively. 
Detailed descriptions of the registers are giv- 
en in tables 4 and 5. 


OPERATION 

The operation of the NE86950 can be 
considered in four major operational phases: 
reset, initialization, packet transmission, and 
packet reception. Although described 
separately here, packet transmission and 
reception can be performed concurrently in 
actual operation. In the sections that follow, 
interrupt-driven operation is assumed. 
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Reset 

A reset pulse with a minimum duration of 2us 
is applied to the RESET input after power on, 
or at any other time, to reset the internal 
pointers and other logic within the NE86950. 
Reset disables the data link controller 
(effectively setting DLCR6<7> to a'‘1'), sets 
DLCR5<6>, BUF_EMP, to a ‘1’, and clears 
the following bits: 


DLCRO 5,6, 7 
DLCR1 0,4,6 
DLCR2 47 
DLCR3 5, 6 
DLCRS5 5 
BMPR4 0,1,2,3 


The state of all other bits within the registers 
after reset is indeterminate. 


Initialization 

Initialization is performed by software to place 
EtherStar into a known functional state. This 
includes setting the transmit and receive 
interrupt conditions, transmission and 
reception modes, and the node address that 
EtherStar responds to. A flow chart of the 
initialization process is shown in Figure 4. 


START 


DISABLE 
ETHERSTAR 
(DLCR6) 


INITIALIZE 
DLCR SET 


ENABLE 
ETHERSTAR 
(DLCR6) 


STARLAN 
MODE 
aa 


ELAPSED 


Figure 4. NE86950 Initialization 


Before any initialization begins, EtherStar 
should be disabled by writing a value of H‘80’ 
to DLCRE6. This disables the data link 
controller and enables access to the node !D 
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registers (DLCR8 through DLCR13). The 
DLCR register set is then initialized, in any 
order, based on the communication 
requirements. The basic programming is as 
follows: 


DLCRO-Transmit Status: A value of H‘OF’ is 
written to clear all transmit errors. 


DLCR1-Transmit Interrupt Masks: The 
transmit interrupts are disabled by writing a 
value of H'00’ at initialization. Desired 
interrupts should be enabled prior to a packet 
transmission. 


DLCR2-Receive Status: The value H‘CF’ is 
written to clear all receive errors. 


DLCR3-Receive Interrupt Masks: Required 
receive interrupts are enabled by writing the 
appropriate value. These may be changed 
during operation, based on reception criteria. 


DLCR4-Transmit Mode: Normally, a value of 
H‘02’ is written to disable chip test, test mode 
and loopback, and to enable carrier detect. 


DLCRS-Receive Mode: A value is written per 
system requirements to enable/disable CRC 
testing, set the address size, enable/disable 
short packet reception, enable/disable remote 
reset packet reception, and to set the 

address recognition mode. 


DLCR8 to DLCR13-Node ID Registers: The 
six byte address programmed into these 
registers must be unique. It is used in 
conjunction with the address match mode bits 
(DLCR5<1:0>) for packet reception. 


If this initialization is part of an error recovery 
procedure, BMPRO should be read twice to 
assure that certain internal pipeline registers 
are cleared. Ifa BUS _RD_ERR results from 
these read operations, it should be ignored. 


When this initialization is completed, the data 
link controller is enabled by writing H’00’ to 
DLCR6. A delay of 15s, the time needed by 
EtherStar to complete internal initialization, 
must be guaranteed between the trailing 
edge of reset and clearing of DLCR6. In 
StarLAN mode only, an additional delay of 
120us after the DLC is enabled is required 
before EtherStar is ready to begin transmit or 
receive operations. 


Packet Transmission 

An outbound packet is transmitted in two 
phases. In phase one, the packet is 
transferred from host memory to a transmit 
buffer in EtherStar and the transmission is 
initiated. In phase two, a transmit interrupt is 
used to report successful transmission or 
transmit error condition. 
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Transmit Initiation 

The first phase is illustrated in Figure 5. To 
transmit a packet, the host loads the 
outbound packet into a transmit buffer, 
initiates transmission, waits for EtherStar to 
clear the TMT_OK bit, sets a transmit 
pending flag, and sets the transmit interrupt 


masks. 
START 


LOAD TRANSMIT 
BUFFER VIA 
BMPRO 


LOAD PACKET LENGTH 
INTO BMPR3:BMPR2 


WITH TMST SET 
TO INITIATE TRANSMIT 


TMT_OK se 


BIT CLEAR 


SET TRANSMIT 


PENDING BIT 
(SOFTWARE FLAG) 


SET TRANSMIT 
INTERRUPT MASKS 


Figure 5. Transmit Initiation 


A transmit packet, Figure 6, contains a six 
byte Destination Address, a six byte Source 
Address, a two byte Data Length, and data. 
EtherStar is capable of transmitting packets 
with a total packet length of six to 2,048 
bytes, depending on the configuration set at 
initialization. (Software conforming to the 
IEEE 802.3 specification must guarantee that 
the total packet length is in the range of 64 to 
1,518 bytes including the four-byte CRC, 
which is calculated by EtherStar and 
appended to the packet when it is 
transmitted.) 


The packet is loaded into a transmit buffer 
using the buffer memory port register 
(BMPRO). At initialization or the initiation of a 
transmission, EtherStar’s internal pointers are 
advanced to the beginning of the next 
available transmit buffer. The packet is 
transferred from the host to a transmit buffer 
by successive writes of data, starting at the 
beginning of the packet, to BMPRO. The 
internal pointers manage the placement of 
the data into the current transmit buffer. 
When the entire packet has been loaded, 
EtherStar is requested to send the packet by 
writing the total length of the transmit packet 
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6 BYTES 


DESTINATION ADDRESS 


SOURCE ADDRESS 
DATA LENGTH 


DATA 


6 BYTES 


2 BYTES 


MINIMUM 
DATA LENGTH 
IS 46 BYTES 
FOR IEEE 802.3 


PAD 
(IF DATAIS LESS 
THAN 46 BYTES) 


TOTAL LENGTH ALLOWED BY IEEE802.31S 
BETWEEN 64 BYTES AND 1,518 BYTES, 
INCLUDING THE FOUR BYTE CRC WHICH IS 
GENERATED AND APPENDED BY THE NE86950. 


TOTAL LENGTH ALLOWED BY THE NE86950 IS 
BETWEEN SIX BYTES AND 2KBYTES. 


Figure 6. Transmit Packet Format 


(with the TMST bit set) to the packet length 
register (BMPR3:BMPR2). Note that the 
packet length value is in bytes regardless of 
whether the NE86950 is configured in word 
mode or in byte mode. If operating in word 
mode, and the packet length is an odd value, 
the MS byte of the last word sent to the buffer 
will not be transmitted. 


When the network is free and EtherStar 
actually begins transmitting the packet to the 
LAN, it will clear the TMT_OK bit. The 
TMT_OK_MSK bit must not be set until 
TMT_OK is cleared to prevent an erroneous 
transmit interrupt from being generated. The 
host can load the next packet into the second 
transmit buffer immediately after it sets TMST 
for the previous packet, but the TMST bit 
cannot be set for that second packet until the 
first packet has been successfully transmitted 
to the LAN. 


When using a common interrupt service 
routine (ISR) to handle both transmit and 
receive interrupts, a transmit pending flag is 
required within the driver to distinguish 
whether TMT_OK was set to indicate the 
completion of a pending transmission or is 
the residue of a previous transmission, since 
the software does not have the ability to clear 
TMT_OK after completion of a pending 
transmission. 


Once the transmit has been initiated and the 
TMT_OK bit is cleared by EtherStar, the 
transmit interrupt masks are set. Typically, a 
value of H‘82’ is written to the transmit masks 
register (DLCR1) to enable transmission 
interrupts based on transmit complete, and 
16-collision error. The COL and underflow 
error interrupts may optionally be enabled. 
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Transmit Interrupt Routine 

When a packet is successfully transmitted or 
a transmit error condition occurs which has 
its corresponding transmit interrupt mask set 
in DLCR1, a transmit interrupt (TINT)-is 
generated. A typical transmit interrupt service 
routine (ISR) to service this interrupt is shown 
in Figure 7. 


On entering the ISR, the transmit interrupt 
masks are cleared by writing H'00’ to DLCR1, 
to prevent nested interrupts. These masks 
may need to be saved and rewritten prior to 
exiting the ISR. If the transmit pending flag is 
set, the status of TMT_OK is checked. If it is 
set, the packet has been successfully. 
transmitted; the routine clears the transmit 
pending flag and takes any other driver 
specific action. This may include signaling 
successful transmission to the upper layer 
network software and/or initiating another 
transmission. 


The major error conditions which must be 
handled by the ISR are bus write error and 
16-collision error. BUS_WRT_ERR is not the 
result of a transmission by the DLC, but 
indicates that an attempt was made to 
transfer data to a transmit buffer and the 
transmit buffer was full. The ISR clears the 
bit, increments a bus write error counter in 
the driver for diagnostic purposes, and 
performs any other driver specific recovery 
action. 16_ COL indicates that sixteen 
collisions have occurred in the transmission 
of a single packet and that EtherStar has 
aborted attempting to transmit that packet. 
This error is handled by clearing the error bit, 
incrementing a 16-collision error counter in 
the driver for diagnostic purposes, and 
performing any driver specific recovery 
algorithms. 


Note: If, after 16 collisions have occurred, the 
host wishes to attempt to transmit the same 
packet again, it must reload that packet into 
one of EtherStars’ transmit buffers. 


UDR_FLO will not occur during normal 
operation, but may be the result of some 
other error condition. This error is handled in 
a manner similar to 16 COL. 


Setting of the collision error status bit, COL, 
indicates that at least one collision occurred 
in the transmission of a single packet. 
EtherStar will continue to re-transmit the 
packet up to sixteen times. Each time the 
packet fails to transmit due to collision, a 
collision counter in the transmit mode register 
(DLCR4<7:4>) is incremented. When the 
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collision counter wraps around to 0, 16 COL 
is set and EtherStar will not retransmit. If 
COL is set and 16_COL is not set, the 
collision counter will contain the number of 
collisions encountered on that transmission. 
Recovery is accomplished by clearing the 
COL bit and incrementing a collision error 
counter if desired. 


Prior to exiting the ISR, the transmit pending 
flag is checked to see if there is an 
outstanding transmission. If set, then the 
transmit interrupt masks, which were cleared 
on entering the ISR, must be written back to 
DLCR1 to interrupt when the iransmission 
completes. 


Packet Reception 

Incoming packets are examined for a match 
in the destination address field of the 
Ethernet header. Reception is based on the 
address match mode bits and the ADD_SZE 
bit in the receive mode register (DLCRS5) and 
the node ID (DLCR8 through DLCR13). 
When a packet matches the defined 
reception criteria, it is copied into a receive 
buffer and checked for overflow, CRC, 
alignment or short packet errors. If no errors 
are detected, PKT_RDY in the receive status 
register (DLCR2) is set and BUF_EMP in the 
receive mode register (DLCRS) is cleared if 
not already cleared. If an error is 
encountered, the packet is discarded, making 
the buffer memory occupied by that packet 
available for reception of another packet, and 
the appropriate error bits are set in DLCR2. 


Addressing Modes 

In addition to the normal single address 
match mode, where the incoming address is 
compared to the programmed node ID, the 
NE86950 supports three special receiver 
address match modes: promiscuous receive, 
multicast address, and multicast group 
address. These modes are enabled by setting 
the address maich mode bits in the receive 
mode register appropriately, and may be 
changed by the driver at any time. It is also 
possible to set the transmit mode for 
loopback, so that transmitted packets are not 
sent the network, but are simply fed back into 
the receiver. 


In promiscuous receive mode, all good 
incoming packets on the LAN are received 
into buffer memory. No matching is done on 
the destination address field of the packet. 
This can be useful for network monitoring 
applications and debugging. 
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A multicast address is identified by a value of 
‘1’ in the least significant bit of the destination 
address. Using multicast address mode will 
cause all packets having a multicast address 
to be received. Note that in this mode 
EtherStar does not provide any hashing on 
the multicast address and simply receives all 
multicast packets. 


When multicast group address mode is set, 
packets will be received if the three least 
significant bytes of the address match the 
address in the node ID registers and the least 
significant bit of the destination address is ‘1°. 


Receive Packet Structure 

When a packet is successfully stored in the 
receive buffer memory, EtherStar attaches a 
four byte header in the front of the packet. 
The first byte is a copy of the receive status 
register (DLCR2) in which bit 5 is set and the 
PKT_RDY bit is invalid. The second byte is 
reserved. The third and fourth bytes contain 
the LS and MS bytes of the length of the 
packet, respectively. Note that the packet 
length value is in bytes regardless of whether 
EtherStar is configured in word mode or in 
byte mode. 


Receive Interrupt Routine 

A receive interrupt (RINT) is generated when 
a packet is successfully stored in the receive 
buffer memory or a receive error condition 
occurs which has its corresponding interrupt 
mask set in DLCR3. A typical receive 
interrupt service routine (ISR) to service this 
interrupt is shown in Figure 8. 


On entering the ISR, the receive interrupt 
masks are cleared by writing H'00’ to DLCR3, 
to prevent nested interrupts. These masks 
may need to be saved and rewritten prior to 
exiting the ISR. If BUF_EMP is cleared, there 
is at least one valid packet in the receive 
buffer memory, and the ISR proceeds to — 
transfer that packet to the host. First, 
PKT_RDY is cleared. Then, the receive 
status byte and reserved bytes are read from 
the buffer memory via BMPRO. (in this 
model, these bytes are unused, but must be 
read to advance internal pointers used to 
control the extraction of received packets.) 
The packet length is then extracted to 
determine the size of the actual received 
packet, and that packet is copied to host 
memory by successive reads of BMPRO. The 
ISR then checks BUF_EMP again to see if 
additional packets remain in the receive 
buffer memory and, if so, the steps described 
above are repeated until all available packets 
have been copied to the host. 
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Figure 7. Transmit ISR Figure 8. Receive ISR 





Note: Reading more than the specified 
number of bytes extracts a portion of the next 
receive packet or causes a BUS_RD_ERR. 
Reading less than the specified number of 
bytes leaves garbage at the beginning of the 
next receive packet. These conditions can 
generate a fatal error condition. 
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Note: If operating in word mode, and the 
indicated packet length is an odd value, an 
extra byte of invalid data will be read out of 
the buffer on the last word read and should 
be ignored. There is no danger of reading the 
first byte of the next packet in this case 
because the packets in the buffer memory 
are aligned to start on an eight byte/four word 
boundary. © 
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Note: When a packet has been completely 
read out of the buffer, EtherStar will re—assert 
PKT_RDY if any packets remain in the 
receive buffer. This feature can be used to 
cause an interrupt to be generated for each 
valid packet received and stored in the buffer. 
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Figure 10. Buffer Memory 
Implementation with SRAM 
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ATION) 
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The receive error conditions which can be 
programmed to cause an interrupt are bus 
read error, overflow, CRC error, alignment 
error, and short packet. All except the first do 
not require host intervention other than 
tallying the error for diagnostic purposes; 
EtherStar will automatically reject any packet 
in which any of these error conditions is 
detected. 


BUS _RD_ERR indicates that an attempt was 
made to transfer data from a receive buffer to 
the host when the receive buffers are empty. 
This should be considered a fatal error, where 
the hardware or software is faulty. To recover, 
the ISR clears the BUS_RD_ERR bit, 
increments a bus read error counter, and 
performs any other driver specific recovery 
routine. 


OVR_FLO denotes that an incoming packet 
from the LAN media was rejected because it 
was longer than the amount of free memory 
available in the receive buffer area. 
CRC_ERR indicates that the incoming 
packet's CRC did not match that calculated 
by EtherStar. ALG_ERR signifies that the 
incoming packet has a bad CRC at the last 
octet boundary and the number of bits were 
not divisible by eight. SRT_PKT indicates that 
the incoming packet does not meet the 
minimum length requirement of 60 bytes, or if 
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RAST. 
DATAMSB ® 8 DATALSB 


NE86950 


B/W =0 
(WORD CONFIGURATION) 
RASO 
8KW 


: RAS1 
8KB 
16KB aN 
(16K x 4) x 2 CHIPS (16K x 4) x 4 CHIPS 
DATAMSB_ 2 8 DATALSB 


RASO 
3 


2KW 


(64K x 4) x 4 CHIPS 


Figure 9. Buffer Memory Implementation with DRAM 


the ENA_SRT_PKT bitin DLCRS is set, six 
bytes. For these errors, the sample ISR takes 
no action other than clearing the error 
condition and incrementing a corresponding 
error counter. 


Prior to exiting the ISR, the receive interrupt 
masks are restored to enable future receive 
interrupts. 


DMA OPERATION 

The NE86950 supports DMA operation for 
transfers of data between the host system 
and the dedicated buffer memory. The BREQ 
and BACK signals are used for handshaking 
between the external DMA controller and 
EtherStar. 


DMA Write (Transmit) 

TENA, BMPR4<0>, is set to a ‘1’ to enable 
DMA write operation for transfers of data 
packets from the host memory to EtherStar's 
transmit data buffer. When it is ready to 
begin to accept data from the host, EtherStar 
will assert its Bus Request output, BREQ. 
The host responds by asserting BACK 
followed by WRT and placing the data on the 
data bus. EtherStar will negate BREQ and 
will assert its RDY output when it is ready to 
complete the current data transfer cycle. 
When the host negates BACK and WRT, 
EtherStar accepts that data byte/word, moves 
its internal pointer to point to the next 
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byte/word, and then re-asserts BREQ to 
repeat the process. The DMA controller must 
assert the End of Process input, EOP, 
concurrent with the last byte/word data 
transfer to indicate that the entire packet has 
been transferred. EtherStar will then 
discontinue making further data requests. 


To cause the packet to be transmitted, the 
host must load its packet length into 
BMPR3:BMPR2, asserting the TMST bit 
when the MS byte is loaded into BMPR3. 
TENA must be cleared when the packet 
transfer is completed, and set again when the 
host desires to begin loading another packet 
into the transmit buffer using DMA. 


When EOP is asserted by the external DMA 
controller, the EOP status bit, BMPR4<2>, 
will be set to a ‘1’ and will cause RINT to be 
asserted if BMPR4<3>, EOP_INT_MSK, is 
set. This interrupt can be used by the host to 
initiate the actions described in the paragraph 
above. The interrupt is cleared by writing to 
BMPR4 with bit 2 set, which can be done at 
the same time as TENA is cleared. 


DMA Read (Receive) 

Prior to beginning the transfer of a data 
packet from EtherStar’s receive buffer 
memory to the host memory via DMA, the 
host must read the four-byte packet header to 
determine the number of bytes/words in the 
packet and should load that number into the 
counter in the external DMA controller. 

RENA, BMPR4<1s>, is then set to a ‘1’ to 
enable DMA read operation to transfer the 
actual packet to the host memory. When it is 
ready to begin, EtherStar will assert its Bus 
Request output, BREQ. The host responds 
by asserting BACK followed by RD. EtherStar 
will negate BREQ and will assert its RDY 
output when it has placed the byte/word on 
the data bus and is ready to complete the 
data transfer cycle. When the host negates 
BACK and RD, EtherStar moves its internal 
pointer to point to the next byte/word, and 
then re-asserts BREQ to repeat the process. 
The DMA controller must assert the End of 
Process input, EOP, concurrent with the last 
byte/ word data transfer to indicate that the 
entire packet has been transferred. 

EtherStar will then discontinue making further 
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data requests. RENA must be cleared when 
the packet transfer is completed, and set 
again when the host desires to begin reading 
another packet from the receive buffer using 
DMA. 


When EOP is asserted by the external DMA 
controller, the EOP status bit, BMPR4<2>, 
will be set to a ‘1’ and will cause RINT to be 


. asserted if BMPR4<3>, EOP_INT_MSK, is 


set. This interrupt can be used by the host to 
clear RENA. The interrupt is cleared by 
writing to BMPR4 with bit 2 set, which can be 
done at the same time as RENA is cleared. 


BUFFER MEMORY 


IMPLEMENTATION 

EtherStar is configured via the BSO and BS1 
inputs to support buffer memory sizes of 8, 
16, 32 or 64 Kbytes. Figures 9 and 10 
illustrate the typical implementation of the 
buffer memory for these options in both byte 
and word modes using industry standard 
DRAMs and SRAMs, respectively. Table 6 
describes the relationship between the 
internal address lines A15:A0 and the 
multiplexed buffer addresses BA7:BAO. 


Although not necessary for operational 
purposes, itis useful for debugging and 
diagnostic purposes to describe how the 
network side and the system side access the 
buffer. ; 


Network Access’ 
The network side always transfers a byte ata 
time to or from the buffer. 


In word mode (B/W = 0), RASO is asserted 
for each LS byte transferred to or from the 
buffer and RAST is asserted for each MS 
byte transferred to or from the buffer. 


In byte mode (B/W = 1), for 8, 16 or 64 Kbyte 
configurations, RASO is asserted for every. 
byte transferred to or from the buffer. For 32 
Kbyte configuration, RASO is asserted during 
even byte transfers (AO = 0), while RAST is 
asserted during odd byte transfers (AO = 1). 


System Access 

The system side transfers either a byte ata 
time or a word at a time to or from the buffer, 
depending on the mode selected. © 
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In word mode (B/W = 0, both RASO and 
RAST are asserted for each word transferred 
to or from the buffer. It is not possible to 
address the bytes separately for this mode. 


In byte mode (B/W = 1), for 8, 16 or 64 Kbyte 
configurations, RASO is asserted for every 
byte transferred to or from the buffer. For 32 
Kbyte configuration, RASO is asserted during 
even byte transfers (AO = 0), while RAST is 
asserted during odd byte transfers (AO = 1). 


LOOPBACK 

A loopback capability is provided to allow 
operation of EtherStar to be exercised 
without sending signals onto the LAN media. 
The loopback function is invoked by clearing 
the LBC bit, DLCR4<1>, toa zero. The 
complement of this bit appears at the 
Loopback output, LBC. Operation is 
illustrated in Figure 11. 


STARLAN CONFIGURATION 
ETHERSTAR 


TXDS Jt 
RXDS 


NO SIGNALS 
APPEAR AT 
OUTPUT PINS 


ETHERNET CONFIGURATION 
ETHERSTAR 


TXD 
he 


~—__ |, BXD_| 


Figure 11. Loopback Operation 


NESO2A 
ENCODER/DECODER 

NO SIGNALS 
APPEAR AT 
OUTPUT PINS 


In StarLAN mode, the TXDS output is 
internally tied back to the RXDS input. The 
transmit data is blocked from appearing at 
the TXDS pin, and the RXDS and XCOL 
inputs are ignored. Data is routed from the 
transmit buffer, through the transmit section 
of the DLC, through the internal Manchester 
encoder, back to the Manchester decoder, 
through the receive section of the DLC, and 
is then stored in a receive buffer. 


In Ethernet mode, operation is similar, except 
that the data is output on TXD and received 
at RXD. The external Manchester ' 
encoder/decoder, such as the NE502A, 
should respond to assertion of its LBC input 
by looping its transmitter output to its receiver 
input internally, and should block the transmit 
data from appearing at its output pin. 
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CRYSTAL OSCILLATOR 

The NE86950 requires a precise 10MHz 
clock source for proper operation. In 
Ethernet mode, this signal is normally 
supplied from the external encoder/decoder. 
In StarLAN mode, the signal may be supplied 
externally, or may be generated from a crystal 
by connecting the crystal as shown in Figure 
12. 


OUTPUT 1.5V TEST POINT 1.5V 
2.4V 

INPUT S< 1.5V TEST POINT 
0.4V 


OUTPUT PIN 
Cl. = 60pF 
C. = 85pF 


T 


Figure 13. Test Conditions 






tT-4 


RECOMMENDED VALUES: 


KTAL = JOMHz 
RO = 1700 
C1 = 20pF 
C2= 20pF 
Figure 12. Crystal Connection 
for StarLAN Mode 





Table 1. Internal Register Address Map 


BYTE/ | 
1 0 


1 DLCRO Transmit Status 
DLCR1 Transmit Masks 
DLCR2 Receive Status 
DLCR3 Receive Masks 
DLCR4 Transmit Mode 
DLCRS5 | Receive Mode 
DLCR6 Software Reset 
DLCR7 TDR (LSB) 
DLCR8 Node IDO 
DLCRQ Node ID1 
DLCR10 Node ID2 
DLCR11 Node ID3 
DLCR12 Node ID4 
DLCR13 Node ID5 
DLCR14 Reserved 
DLCR15 TDR (MSB) 


Buffer Memory Port 
Packet Length LSB 
Packet Length MSB 
DMA Enable/Control 
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Table 2. Data Link Controller Register Set Summary 


| Transmit READ netesy | AM | srtpxt | uDRFLO Oo 
Status 
L 


COL 
orn 
Transmit 
K 

















WRITE 












READ 





MASK MASK MASK MASK 
Interrupt Masks TMTREC UDR FLO COL 16 COL 
MASK MAS MASK MASK 
TMTREC UDR FLO COL 16 COL 
RMT RST | SRT PKT | ALG ERR | CRC ERR F:OVRAFEO:: 
C 


MASK MASK MASK 
: RMTRST | SRT PKT | ALGERR 

MASK MASK MASK 

RMTRST | SRT PKT | ALGERR 
COLCTR | COLCTR | COLCTR | COLCTR 


a 


0 
ENA ENA 

ENA ENA 

a ADD SIZE | spt pT | REMRST 

ID23 ID22 ID20 ID19 ID18 
ID31 ID30 ID27 ID26 
ID39 ID38 1D37 ID36 1D35 ID34 


fe ee 
NOTES: 


TDR13 TDR12 TOR11 
1. *A‘1' should never be written into these bits. 


2. The shaded bits indicate those that should be closely monitored/controlled by the host. Other status bits in DLCR2 and DLCR4 are automatically 
handled by EtherStar and are for information only, so thus may normally be masked. 


WRITE 


Receive 
Status 


READ 





WRITE CL 


R 
MASK 
CRCERR 
MASK 
CRCERR 


Receive 


Interrupt Masks READ 






WRITE 


Transmit 
Mode READ 
WRITE 


Receive 
Mode READ TST 
WRITE 


Enable Data 
Link Controller 
ONLY 








TDRI1 TDRO 
1D17 ID16 


ID33 ID32 
ID41 ID40 


slaali 





AM1 
WRITE TST AM1 





a 
ma 
ma 
ma 
ma 
m 
ma 


TDR (MSB) 


lala 
x 
bo 
a] eff a] | lia =i 


READ 


ONLY TDR10 


TDR9 TOR8 
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Table 3. Buffer Memory Port Register Set Summary 


Buffer IN BYTE MODE, CONSECUTIVE BYTES ARE READ FROM OR WRITTEN TO THE BUFFER 
Memon: Port MEMORY BY READING/WRITING BMPRO. IN WORD MODE, CONSECUTIVE WORDS ARE 
Y READ FROM OR WRITTEN TO THE BUFFER MEMORY BY READING/WRITING BMPRO. 


2 
| 















me = = ee 
EOP INT : 
a a 
EOP INT {| CLR EOP 
NOTE: 


1. * These bits are not implemented in the NE86950A version of EtherStar. 






Enable/Status 










Table 4. Data Link Controller Register Descriptions 
DLCRO —Transmit Status, Read/Write 






This register provides transmit status to the host. The user may program the assertion of bits 7, 5, 3, 2 and 1 of this register to cause the 
assertion of the Transmit interrupt output (TINT = 0) by setting the corresponding bits in DLCR1. Assertion of bit 0 of this register will cause 
assertion of TINT —this bit is not maskable. 

Bits <3:0> may be cleared individually or in any combination by writing a ‘1’ to those bits. The state of bits written with a ‘0’ is not affected. . 
Bit <7:4> are cleared automatically as described below. 


RD/WR BIT 7 BIT 6 BIT 5 BIT 4 | BiT2 | | BiT2 | | BIT1 | | BIT1 | | BITO | 0 


READ TMTOK | NETBSY | TMTREC | SRTPKT | UDRFLO 16 COL BUS 
WR ERR 


SYMBOL DESCRIPTION 


BUS WR ERR | BUS WRITE ERROR: This error condition occurs if a RDY response cannot be issued within 2.4us after the WRT 
signal is asserted by the host system when writing to the buffer memory port register, BMPRO. Occurs when the 
transmit buffer memory is full. This should not happen during normal operation. 


16 COL 16 COLLISION: This bit is set after the sixteenth unsuccessful transmission of the same packet. 


2 COL COLLISION: This bit is set if a collision occurs during transmission of a data packet. The buffer manager will 
automatically attempt to transmit the current packet up to 16 times. The user may determine the number of 






































UNDERFLOW: This register is set when data from the transmit section of buffer memory is not available for serial 
transmission. EtherStar will continue to send out this data frame. This should not occur during normal operation. 






SHORT PACKET: Set if the Received Carrier Detect input (XCD) is negated during a packet transmission. This can 
be caused by a collision or a shorted LAN media. Automatically cleared as each transmission begins. 













TRANSMIT RECEIVED: Indicates that a good packet was received by the receiver shortly after transmission was 


consecutive collisions by reading the collision counter, DCLR4<7:4>. 

SRT PKT 
completed. This is used to indicate self-reception of the packet. This allows the software to take advantage of the 
hardware address matching even in systems which are designed for half duplex operation. This bitis cleared as each 


TMT REC 
transmission begins. 


NET BSY NET BUSY: This is a copy of XCD, the Receive Carrier Detect pin. 


TMT OK TRANSMIT OKAY: This bit is set when a data packet is successfully transmitted. EtherStar clears this bit 
automatically as each transmission begins and sets it automatically at the finish of each data packet transmission. 
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Table 4. Data Link Controller Register Descriptions (Continued) 
DLCR1 —Transmit Interrupt Masks, Read/Write 


Bits 7, 5,3, 2, 1 are the transmit interrupt masks. They can be set individually depending on system requirements. Setting a bit to a ‘1’ causes 
the assertion of the corresponding bit in DLCRO to assert TINT. 


READ MASK MASK MASK MASK MASK 
WRITE TMT OK TMT REC UDR FLO COL 16 COL 


DLCR2 —Receive Status, Read/Write 


This register provides receive status to the host. The user may program the assertion of bits 7 and <4:0> of this register to cause the assertion 
of the Receive Interrupt output (RINT = 0) by setting the corresponding bits in DLCR3. Assertion of bit 6 of this register will cause assertion 
of RINT —this bit is not maskable. 


Bits <7:6> and <3:0> may be cleared individually or in any combination by writing a ‘1’ to those bits. The state of bits written with a ‘0’ is not 
affected. Bit 4 is cleared automatically as described below. 


READ | PKTRDY Sp ER ed RMT RST| SRTPKT|ALGERR | CRCERR| OVRFLO 




































SYMBOL 
OVR FLO 





DESCRIPTION 














OVERFLOW: This bit is asserted if a received packet is discarded because there is insufficient memory space in the 
receive buffer memory to accommodate the complete data packet. The space remaining is made available for shorter 
data packets. 


CRC ERR CRC ERROR: This bit is set when the calculated CRC does not match the CRC at the end of the received packet 


ALG ERR ALIGNMENT ERROR : Set if a packet has bad CRC at the last octet boundary and the number of bits are not divisible 
by eight. 
30 SRT PKT SHORT PACKET: Set if a data packet does not meet the minimum length requirements of 60 bytes or 6 bytes when 
the enable short packet bit, DLCR5<35, is on. 





RMT RST REMOTE RESET: This bit will be set when the ENA RMT RST bit, DLCR5<2>, is on and a receive packet with the 
special data length O900H is successfully received. The RMT RST bit, when set, will assert the PRES pin. The bit 
is cleared at the beginning of the next packet reception. This bit is set only if the node ID matches, not on multicast 
or broadcast addresses, in any address match mode (see DLCR5<1:0>). 


RESERVED: Never write a “1” into this bit. 


BUS RD ERR | BUS READ ERROR: This error condition occurs if a RDY response cannot be issued within 2.4y1s after the RD signal 
is asserted by the system when reading the buffer memory port register, BMPRO. Occurs when trying to read when 
the receive buffer memory is empty. 










PKT RDY 





PACKET READY: Set after the successful reception of packet data into the receive buffer memory. 


DLCR3 —Receive Masks, Read/Write 


Bits 7and <4:0> are the receive interrupt masks. Setting a bit to a ‘1; causes the assertion of the corresponding bit in DLCR2 to assert RINT. 


RD/WR BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


READ MASK . MASK MASK MASK MASK MASK 
WRITE PKT RDY RMT RST] SRT PKT | ALG ERR} CRC ERR| OVR FLO 
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Table 4. Data Link Controller Registers Descriptions (Continued) 
DLCR4 —Transmit Mode, Read/Write 
This register controls certain transmit functions and provides the count of successive collisions on transmission attempts. 


ama [ene aes ah ar oF 
reap | COLOTR | COLCTR | coLcTR | COLCTR] cup rst | om | we | psc 


SYMBOL DESCRIPTION 


-| 0 | Dsc__| DISABLE CARRIER DETECT: When this bit is set the transmitter disregards XCD, the Carrier Detect signal. 
CBC LOOPBACK CONTROL: This bit controls the loopback function of the external encoder/decoder in Ethernet mode, 


{ 
| and the internal loopback function in StarLAN mode. The LBC pin signal value is the complement of the value of this 
pes 


bit, ‘0’ = Loopback, ‘1’ = No Loopback. 
CHP TST CHIP TEST: Signetics internal use. Always write a ‘0’ to this bit for normal operation. 


COL CTR COLLISION COUNTER : Bits <7:4> keep track of the number of consecutive collisions during transmission of a data 
packet. 



































TEST MODE: A bit whose complement is available as singal pin TM. Used for controlling power to the transceiver 
or any other function external to the chip. 
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Table 4. Data Link Controller Register Descriptions (Continued) 
DLCR5 —Receive Mode, Read/Write 
This register controls certain receive functions and provides receive buffer memory status. 








READ BUF EMP | BUF FUL | ADDSZE| oA NN. nciasr| Aut | AMO | 





SYMBOL 


<1:0> AM1, AMO 


| ENA ENABLE REMOTE RESET: This bit is used to enable/disable the receipt of packets with the special data length 
RMT RST O900H. See DLCR2<4>. 


ENA SRT PKT | ENABLE SHORT PACKET: When set to “1”, the receive section will receive packets as short as six bytes. When 


3 

reset to “O", the receive section of buffer memory will receive between 60 bytes and two Kbytes. 
| ADD SZE___| ADDRESS SIZE: When set, this bit reduces the node ID address match to five bytes rather than the normal six bytes. 
BUF FUL 









Accept no packets. 7 
Accept physical address, multicast-group addresses which 
match the first three bytes, and broadcast address. 

Accept physical address, all multicast addresses, and 
broadcast address. 

Accept all packets (promiscuous mode). 
























BUFFER FULL: This bit provides real-time status of the receive buffer memory. As a packet is being loaded into the 
buffer memory from the data link controller, this bit will be set if the empty space remaining becomes equal to or less 
than eight bytes. This bit will automatically clear when the space remaining becomes more than eight bytes due to 
a) the packet being rejected and sufficient memory freed by the buffer manager or b) the host reading enough data 
from the buffer. 











BUFFER EMPTY: Indicates that the buffer memory is empty. A “O” indicates that there is atleast one good data packet 
in the receive section. A “1” indicates that the receive section is empty. This bit gives the host software an indication 
to continue reading additional data frames from the receive buffer after successful reading of a packet. 






This is used where the node is used to perform some multiplex function on the least significant byte of the destination 
address. 
BUF EMP 


DLCR6 —Enable Data Link Controller, Write Only 


RD/WR BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 | pitt | sito | 


| WRITE | ENADLC 
ONLY 
i 








TEST: This bit is used for testing purposes. When EtherStar is in the receive mode, this bit set to “1” fixes four bytes 
of the CRC to C7, 04, DD, 7B. This value is shifted into the CRC register and checked without being modified. When 
EtherStar is transmitting, the back—off algorithm is changed to 2e("-") + 1, where nis the number of collisions. 






DESCRIPTION 


ENABLE DATA LINK CONTROLLER: This bit must be cleared by writing a “O" into the location after the other DLC 
registers have been programmed. After this bit is cleared, EtherStar is ready to transmit and receive. At least 15s 
must elapse between the end of the hardware reset pulse falling edge and the writing of ENADLC. “1” will release 
EtherStar from any activity on the network. Node ID registers DLCR8—13 read/write only when this bit is “1”. 
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Table 4. Data Link Controller Register Descriptions (Continued) 

DLCR7 —TDR Register LSBs, Read Only, DLCR15 — TDR Registers MSBs, Read Only 

A Time Domain Reflectometer (TDR) function is provided by this 14-bit counter that counts the number of bits successfully transmtted for 
each packet. The purpose of this function is to provide a rough measure of the distance of the unit on the network to some media fault, either 
a short or an open. 


The counter is cleared at the beginning of each transmission and counts bits from that time until the Carrier Detect input (XCD) negates or 
acollisionis detected. The counter is also cleared after each successful data packet transmission. The LSBs are read from DLCR7, the MSBs 


from DLCR15. 
RD/WR BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 


ONLY (= | = 4 TDOR13. | TORI2 | TORI | TDR10 | TDR TDR8 


DLCR8:DLCR13 —Node ID Registers, Read/Write 


The node ID is comprised of the six bytes contained in DLCR8 through DLCR13. EtherStar compares this node ID with the destination field 
of all packets on the LAN media to determine if there is a match. If the two addresses match, and the address match mode in DLCR5<1:0> 
allows reception, the packet is received into buffer memory. DLCR8 is the LS byte and DLCR13 is the MS byte of the node ID. The node 
ID is reduced to the five MS bytes (DLCR9 to DLCR13) if DLCR5<4> is set toa‘1’. 

These registers are accessible for read/write operation only when the data link controller has been disabled via DLCR6<7> or immediately 





















DLCR7 


DLCR15 

























after reset. 

READ 
READ 

pLCRIo | READ 1D23 ID22 ID21 1D20 ID19 ID18 ID17 ID16 
WRITE 

piorii | READ ID31 ID30 ID29 1D28 ID27 ID26 ID25 1D24 
WRITE 

DLCR12| READ ID39 ID38 1D37 1D36 Io35 «| s(1D34 ID33 1D32 
WRITE 

DLCR13 | READ ID47 ID46 ID45 Dad iD43 ID42 ID41 ID40 
WRITE 





*Do not program to ‘1’. 


Table 5. Buffer Manager Port/Register Descriptions 
DMPRO -Buffer Memory Port Register, Read/Write 


This register provides the host access to the buffer memory. Writing a byte/word to this port transfers that data to the currently addressed 
location in the transmit buffer and increments the transmit buffer pointer to point to the next byte/word. Reading a byte/word from this port 
transfers the contents of the currently addressed location in the receive buffer to the host and increments the receive buffer pointer to point 
to the next byte/word. See DLCRO<0>, DLCR2<6>, DLCR5<5> and DLCR5<6> for additional information. 

This register is byte access only in byte mode and word access only in word mode (the upper and lower bytes cannot be accessed 
independently in word mode). 











<—____________— WordAccess ——-__—------ SS ______ 
<—__—_—___—____—— Byte Access —— 
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Table 5. Buffer Manager Port/Register Descriptions (Continued) 
BMPR3:BMPR2 —Packet Length Registers, Write Only 


The host writes to these registers to define the length of the packet which was loaded for transmission into the currently addressed transmit 
buffer. The LS byte is in the BMPR2, the MS bits are in BMPR3. The transmit start bit, TMST in BMPR3, is set when BMPR3 is written to 
inform the buffer manager that the data and packet length have been provided and that it should initiate transmission of that packet via the 
data link controller. 

In byte access mode, the LS byte must be written first, followed by the MS bits and TMST in BMPR3. 


RD/WR BIT 7 BIT 6 BIT 5 | pita | 4 BIT 3 BIT 2 _ BITO 
WRITE 

WRITE 

aarp oe [= PP -f- fe 


BMPR4 —DMA Control and Status Register, Read/Write 


EOP INT <5 : 
EOP INT : 


SYMBOL DESCRIPTION oo 


TENA TRANSMIT DMA ENABLE: A'‘1’ enables DMA write operation between the host and the buffer memory. A ‘0’ disables 






BMPR2 






BMPR3 





DMA write operation between the host and the buffer memory. Write only. 


RENA RECEIVE DMA ENABLE: A ‘1' enables DMA read operation between the host and the buffer memory. A ‘0’ disables 
| DMA read operation between the host and the buffer memory. Write only. 


END OF PROCESS: Indicates that an entire packet has been transferred between the buffer memory and the host. 
Set to a‘1' when the external DMA controller asserts the EOP input. The host should respond by clearing RENA or 
TENA. When this bit is set, the Receive Interrupt output, RINT, will be asserted if this action has been enabled by 
setting bit 3 of this register. Writing a ‘1’ to this bit clears the status bit, writing a ‘0’ has no effect. Read/write. 


NOTE: This function is not implemented in the NE86950A version of EtherStar. 


EOP INT EOP INTERRUPT MASK: Writing a‘1' to this bit will cause RINT to be asserted when the EOP status bit, bit 2 of this 
MASK register, is also set. Writing a ‘0’ to this register masks RINT from being asserted by that condition. Read/write. 
SS This function is not implemented in the NE86950A version of EtherStar. 
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Table 6. Address Multiplexing on Buffer Address Outputs 


So 


RAS ADDRESS 
CAS ADDRESS 





SA3-0 q 





RD 
<+ t1 
t6 
<= 15—>» 
: | 
t 
RDY 


Figure 14. Read Timing 


$D15-SD0 





Figure 15. Write Timing 
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EtherStar’ Ethernet controller | NE86950 


yg 


LAST BYTE/WORD 


fee 


Figure 16. BREQ, BACK and EOP DMA Timing 


t§ |~<— 


Figure 17. DMA Read and Write Timing 


Figure 18. LBC, TM, TINT, and RINT Timing 
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EtherStar’ Ethernet controller NE86950 


BD15-BDO 
(OUTPUT TO DRAM) 


BD15-BD0O 
(INPUT FROM DRAM) 


Figure 19. DRAM Interface Timing 


BA7-BAO 





Figure 20. DRAM Refresh Timing 
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EtherStar’ Ethernet controller , ~ NE86950 


<_— ns 
Kar 


(IF IT IS NOT MASKED) 


Figure 21. Transmit In Ethernet Configuration 


Figure 22. Collision Timing 


JAM 


TEN /S ~¥——_— PREAMBLE ——>|STAR ais eas See 


XCOL ———7? 


Figure 23. Collision at the Preamble Field 





Figure 24. Collision at the Data Field 
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EtherStar” Ethernet controller NE86950 


LISA LVS 


Cp ree: 


(IF 1T IS NOT MASKED) 


Figure 25. Receive in Ethernet Configuration 


1 
t1—-—- | + SF 


DATA BIT —_____ |" DATA BIT 





t3 


DATA BIT | ds ODA OO 


TUL 





Tha 


_—> 
1st ae 2nd BIT LAST BIT 


NEXT TO LAST BIT ——————_> 





Figure 26. StarLAN Transmit and Receive Timing 
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Data Communication Products 


28-PIN PLASTIC LEADED CHIP CARRIER 


8) ure 8©]0-£ ©] 


1. PACKAGE DIMENSIONS CONFORM TO JEOEC SPECIFICATION 
MO-047-AB FOR PLASTIC LEADED CHIP CARRIER 28 LEADS. 
050 INCH LEAD SPACING, SQUARE (ISSUE A, 10/31/84) 








010 (025 )-= : Tare 
MAX R (é]007 (018) ©] 8 © j0-€ ©) CONTROLLING DIMENSIONS INCHES METRIC DIMENSIONS IN mm 


3 PLACES ! A ARE SHOWN IN PARENTHESES 








DIMENSIONING AND TOLERANCING PER ANSI Y145M-1982 


DATUM PLANE [-H-]LOCATED AT THE TOP OF MOLD PARTING 
LINE ANO COINCIDENT WITH TOP OF LEAD WHERE LEAD EXITS 
495 (1257), PLASTIC BODY 
“485 ( 1232) - 32) 




















LOCATION TO DATUM [-A-]ANO[=8-]TO BE DETERMINED AT PLANE 
THESE DATUMS 00 NOT INCLUDE MOLD FLASH MOLD FLASH 
PROTRUSION SHALL NOT EXCEED 006° (015 mm) ON ANY SIDE 














DATUM (0-E] AND ARE DETERMINED WHERE THESE CENTER 


AE Kase A LEADS EXIT FROM THE BODY AT PLANE [-H-] 
a et 


050 (127) es PIN NUMBERS CONTINUE COUNTERCLOCKWISE TO PIN 28 (TOP 


4 SIDES eran VIEW) 

















007 (018) ©) a@lF-c © 456 (1158 ) SIGNETICS ORDER CODE FOR PRODUCT PACKAGED IN A PLCC IS 
[foo2 IN/ INA 250 (1143 | Dea hee? THE SUFFIX *A* AFTER THE PRODUCT NUMBER 


A MIN 
032 (081)® 
ie RO GE APPLICABLE TO PACKAGES WITH PEDESTAL ONLY 


056 (142) See 120 (305) 
042 ( 107) _ eee 090 (229) an 015 ( 038) 
A 005 1013) 020 ( 0S ) MIN 
PEDESTAL CLEARANCE W/O 
160 ( 457) CLEARANCE PEDESTAL 


165 ( 419 ) 








SEATING 


J) 004 (0103) SEATING | | | | PLANE 





A 
0211053) _{] 007 ( 018) @[D-E ©. F-cO] A 174.1569) ]010 (025 IGIAO[BO 


218 (554 3 


-C- PLANE 




















025 ( 64) 
28 PLACES 


O45 1 11% BD L 013 (033) 


430 ( 1092) [015 (038 1] F-G 6} 430 ( 1092 ) 6] 015 ( 038 )®I0-E © 


390 (996 3 390 (991) 
853-0401 93885 
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44-PIN PLASTIC LEADED CHIP CARRIER 


[| 007 (018 ) @[B@Io-€ © 
[002 IN / iN [| 695 (1765 ) [é[ 007 (018 ) © A®]F-G 6] 
SAE Ay 685 ( 1740 ) 


500 ( 1270} 1, PACKAGE DIMENSIONS CONFORM TO JEDEC SPECIFICATION 


010 (025) 
MAX R [@].007 (0.18 ) © MO-047-AL FOR PLASTIC LEADED CHIP CARRIER 44 LEADS, .050 
3 PLACES INCH LEAD SPACING, SQUARE. (ISSUE A, 10/31/84) 


CONTROLLING DIMENSIONS: INCHES METRIC DIMENSIONS IN mm 
ARE SHOWN IN PARENTHESES. 


16.66 ) DIMENSIONING AND TOLERANCING PER ANSI Y14 SM-1982. 


1651) 


500 ( 1270 ) DATUM PLANE [-H-]LOCATED AT THE TOP OF MOLD PARTING LINE 
AND COINCIDENT WITH TOP OF LEAQ, WHERE LEAD EXITS 


PLASTIC BODY 


(-H-]. THESE DATUMS DO NOT INCLUDE MOLD FLASH. MOLD FLASH 
PROTRUSION SHALL NOT EXCEED 006’ (0.15 mm) ON ANY SIDE. 





695 ( 19.65 ) 
685 (17 40) /\ LOCATION TO DATUM[ZA-]ANO[=8-]TO BE DETERMINED AT PLANE 


DATUM [D-E] AND [F=G] ARE DETERMINED WHERE THESE CENTER 
LEADS EXIT FROM THE BODY AT PLANE [-H-]. 


048 ( 122 ) ygse 
042 ( 107} = t . PIN NUMBERS CONTINUE COUNTERCLOCKWISE TO PIN 44 (TOP 


060 (152) VIEW) 
050 ( 127 )}4 SIDES MIN 
oo 
‘8. SIGNETICS ORDER CODE FOR PRODUCT PACKAGED IN A PLCC IS 
[] 007 ( 0.18 )©| ASIF-G ©] 656 ( 16.66 ) THE SUFFIX ‘A’ AFTER THE PRODUCT NUMBER. 
1 re IN 7 IN[A| 650 ( 16.51) 025 (0.64) 


MIN. - APPLICABLE TO PACKAGES WITH PEDESTAL ONLY. 


056 ( 142 ) oe 032 (0.81) ® 420 ( 3.05) 
“042 (107 ) a [ 026 | 0.66 9 090 ¢ 2.29 ) L Ay 215.1038.) 020 ( 0.5 ) MIN. 
005 ( 0.13) CLEARANCE W/O 


Ss et SNe 


iol 004 ( 010) SEATING | PLANE A 
PLANE as 
0211053) - [6],007 (0.181 @ aaa g 284 (7.21) oe (7.21) {loi (0.25  OAO[s@} 


013 (0.33) "278 (7.06 ) 
44 PLACES 
045 (116) 5 630 ( 16.00 ) | eeomero [015 ( 0.38 © 630 ( 1600) [6[.015 (0.38 )@I0-E 6] 
590 ( 14.99) 


025 ( 0.64 ) 590 ( 1499 ) 


853-0403 93885 
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52-PIN PLASTIC LEADED CHIP CARRIER 


NOTES: 
1. Package dimensions conform to JEDEC specification 
MO-047-AD for plastic leaded chip carrier 52 leads, 
‘ .050 inch lead spacing, square. (issue A, 10/31/84). 
. Controlling dimensions: inches. Metric dimensions in 
mm are shown in parentheses. 
. Dimensioning and tolerancing per ANSI Y¥14.5M-1982. 
. Datum plane ''H"’ located at the top of mold parting 
line and coincident with top of lead, where lead exits 
: plastic body. 

76 (19.20) . Location to datum "A" and ''B" to be determined at 
FH (1065) plane "'H''. These Datums do not include mold flash. 
Mold flash protrusion shall not exceed .006” (0.15 

mm) on any side. 

. Datum ‘'D-E" and ''F-G’’ are determined where these 
center leads exit from the body at plane '’H'’. 

. Pin numbers continue counterclockwise to pin #52 
(top view). 

. Signetics order code for product packaged in a PLCC 
is the suffix A’ after the product number. 

. Applicable to packages with pedestal only. 


Je (21) SOTO CAP F-0F 


708 (1094) ; 


788 (10.20) 
760 (1005) 


932 21) 7 
Gy 218 038) [ 520 (0.8) wm | 


we a J a St jb ted 2 PLANE 
| A & 

f 2 ) S010 0.25) DAD BS: 
| y : 358 


(0.25 
(0.00) 


a 221 053) BS OT BW) COED POT 
Te — FT wR 
62 PLACES ' 


| 
O45 (1.14) | 730 (16.84) eb OM) TS Fas = ae ! ‘@ bi 038) © OF © 


O25 (084) B00 (17.53) 


853-0397 93885 
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84-PIN SQUARE PLASTIC LEADED CHIP CARRIER 





NOTES: 
1.106 ( 30.36 ) fol oor (0% ) Ola O[ Fa ©} 1. Package dimensions conform to JEDEC specification 
1.106 ( 30.00) MO-047-AF for plastic leaded chip carrier 84 leads, 
- {ise ( 3840) ——_____—_} ae -050 inch lead spacing, square. (issue A, 10/31/84). 
ae cia anil . Controlling aie nies Metric dimensions in 
- ‘ mm are shown in parentheses. 
noo , . Dimensioning and tolerancing per ANS! Y14.5M-1982. 
. Datum plane ''H" located at the top of mold parting 
line and coincident with top of lead, where lead exits 
plastic body. 
. Location to datum "A" and ''B" to be determined at 
plane ''H"'. These Datums do not include mold flash. 
Mold flash protrusion shall not exceed .006” (0.15 
mm) on any side. 
. Datum "D-E" and ''F-G" are determined where these 
center leads exit from the body at plane ''H". 
. Pin numbers continue counterclockwise to pin #684 
(top view). 
. Signetics order code for product packaged in a PLCC 
is the suffix "A" after the product number. 
. Applicable to packages with pedestal only. 


pee (132) 
Ba ( 157) ' Sees, 

i -——{oe0 (137 )j4 ewes 
(of 207 (0.8 ) @[a®iF-o ©) ee 1 OAT) | gag: £16 ( 038 ) 
paren ony A 
B; A ome (142) YY. | Fe | 032 (081) 7, 120 (306 ) PEDESTAL a 


UG =e A 
ros (1780) & [o[ 510 ( 038 ) DlaGiaq| 
° ee 773) 
fo] os (038 Glo“ © 





853-0399 93885 
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Package Outlines 





24-PIN PLASTIC SOL 


LPO ©] .10 (.004) | NOTES: 
1. Package dimensions conform to JEDEC specification 
MS-013-AD for standard small outline (SO) package, 24 
leads, 7.50mm (.300"') body width (issue A, June 1985). 
. Controlling dimensions are in mm. inch dimensions in 
parentheses. 
. Dimensions and tolerancing per ANS! Y14.5M- 1982. 
."T', "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006"') on 
any side. 
7.60 (.299) 10.62 (.418) . Pin numbers start with pin #1 and continue 
ERE 10.21 (.402) countetclockwise to pin #24 when viewed from top. 
7.40 (.291) 6. Signetics ordering code for a product packaged in a 
ES plastic small outline (SO) package is the suffix D after 


the product number. 


127 (.050) BSC 


15.60 (.614) 75 (.030) 


15.20 (.598) .50 (.020) nee 


2.65 (.104) 
2.35 (.093) 


.49 (.019) .32 (.013) .30 (.012) 834 (.033) 
95 (.014) ro {TLE |O G} 25 (010) @ .23 (.009) 10 (.004) 559 (.022) 


853-0173 82949 
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Package Outlines 





24-PIN PLASTIC SOL (EIAJ TYPE I! OUTLINE). 





14.0+0.2 
(550 + 008) NOTES 


J. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (mm) 
DIMENSIONS IN PARENTHESES ARE IN INCHES 


2. PIN NUMBERS START WITH PIN #1 AND CONTINUE 
COUNTERCLOCKWISE TO PIN #24 WHEN VIEWED 
FROM TOP. 


5.4+02 
(.213 + 008) 





1.27 +020 


A + 008 
ial 19.2 403 


{ 598 + .012) 


02101 


1840.1 
(071 + 004) -— [es 004) 


0.5 + 0.2 
(016 + 004) (.020 + 008) 





* THIS IS NOT A JEDEC OUTLINE 
FOR JEDEC SO 24 OUTLINE SEE 
DRAWING 853-0173 





EIAJ Type |! Outline 


853-1460 000238 
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Package Outlines 





28-PIN CERAMIC DIP (600 MILS WIDE) 


SEE NOTE 6 NOTES: 
ees) oe eae) 1. Controlling dimension: inches. Millimeters are shown in 
040 (1.02) 040 (1.02) parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. 'T", "D", and "'E"' are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 
. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 
. Pin numbers start with pin #1 and continue 
counterclockwise to pin #28 when viewed from the top. 
514 (13.06) . Denotes window location for EPROM products (see FA 
package). 





| Lo 100 (2.54) BS 


Cc 
1.485 (37.72) 

1.440 (36.58) 
070 (1.78) 620 (15.75) 
050 (1.27) aN (B99) 590 (14.99) 
145 (3.68) (NOTE 4) 


.225 (5 72) max. 

r ae 
168 (4.19) 
125 (3.18) 055 (1.40) 

(020 (51) 


015 (38) 
023 (.58) 010 (.25) 695 (17.65) 


i TIELOS].010 (254) @ 


015 (.38) 600 (15.24) 
853-0589 84000 
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40-PIN CERAMIC DIP (600 MILS WIDE) 


SEE NOTE 6 


NOTES: 


1. CONTROLLING DIMENSION: INCHES. 
MILLIME TERS ARE SHOWN IN PARENTHESIS. 


DIMENSION AND TOLERANCING PER ANSI Y14.5M-1982. 
"T". "0", ANO “E” ARE REFERANCE DATUMS ON THE 
BODY AND INCLUDE ALLOWANCE FOR GLASS OVERRUN 
Pens. ON THE SEAL LINE, AND LID TO BASE 


THESE DIMENSIONS MEASURED WITH THE LEADS 
CONSTRAINED TO BE PERPENDICULAR TO PLANE T. 


PIN NUMBERS START WITH PIN@1 ANO CONTINUE 
eee TO PIN’40 WHEN VIEWED FROM 


DENOTES WINDOW LOCATION FOR EPROM PRODUCTS. 


; Vw Ww 
[PINe1 | JV i i 
il | covetareee 


Eo-| | 2087(53 
FD -] — oogetegy— 


17501445) 
145 (368) 


a2 


2250572) 
MAX. 


— [E Jo@[.0101254) @] 


853-0590 95528 
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dd 


B 


3000762) 
(NOTE 5S) 








eeaeas 


® 
1) 


( 


Ln 
xO 
mm 
Oo 
MN 


| 





AP of br be SE AE AP Ae Oy 


0041 0)}—--— 
1256(31.90) 
L240 (3150) 


§OO0C2AS4) BSC 





a 











__ r38}-f]T[EOGL0 10 (251 © 








853-0410 98727 


24-PIN PLASTIC DIP (300 MILS WIDE) 
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Package Outlines 





24-PIN PLASTIC DIP (400 MILS WIDE) 


NOTES: 

1. Controlling dimension: inches. Metric are shown in 
parentheses. 

2. Dimensions and tolerancing per ANSI Y14. 5M-1982. 

3. "'T", ''D" and "'E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

see" . These dimensions measured with the leads constrained 
345 (8.76) to be perpendicular to plane T. 
. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 


| .100 (2.54) BSC 


1.205 (30.61) 


1.190 (30.23) 
042 (1.07) 064 (1.63) 422 (10.72) 


034 ( .86) 045 (1.14) 400 (10.16) 
155 (3.94 
190 (4.83) SS pote) 


.146 (3.68) 
165 (4.19) 


035 (.89) 
020 (.51) 


BSC 

138 (3.51) He 400 (10.16) 

120 (3.05) (NOTE 4) 
015 (.38) 495 (12.57) 


022 (.56) 
ae [010 (25) 010 (25) 
Oi TL EIO) W 010 (.25) 400 (10.16) 


017 (.43) 


853-0411 81237 
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28-PIN PLASTIC DIP (600 MILS WIDE) 


560 (14 22) 
545 (13.84) 


| -100 (2,54) BSC 


1.480 (37.08) 


1.415 (35.94) 
.064 (1.63) 


045 (1.14) 


ey RAP 


.022 (.56) 
017 (.43) 


200 (5.08) 
165 (4.19) 


wo 
138 (3.51) 
"120 (3.05) 


ryvy 


853-0413 84099 
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.155 (3.94) 


015 (38) 
010 (25) 





NOTES: 

1. Controlling dimension: inches. Metric are shown in 
parentheses. 

2. Package dimensions conform to JEDEC specification 
MS-011-AB for standard dual in-line (DIP) package .600 
inch row spacing (PLASTIC) 28 leads (issue B. 7/85) 

3. Dimensions and tolerancing per ANSI Y14. 5M-1982. 

4. 'T", "D" and "'E" are reference datums on the molded 
body and do not include mold flash cr protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #28 when viewed from the top. 


620 (15.75) 


600 (15.24) 


.145(3.68) (NOTE 5) 


045 (1.14) 
“020 (.51)_ 


een 600 (15.24) esee— =] 


(NOTE 5) 
695 (17.65) 


600 (15.24) 
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Package Outlines 





40-PIN PLASTIC DIP (600 MILS WIDE) 


NOTES: 
1. Controlling dimension: inches. Metric are shown in 
parentheses. 
2. Package dimensions conform to JEDEC specification 
MS-011-AC for standard dual in-line (DIP) package .600 
inch row spacing (PLASTIC) 40 leads (issue B. 7/85) 
. Dimensions and tolerancing per ANSI Y14. 5M-1982. 
555 (14.10) ."T"’, "D" and "E" are reference datums on the molded 
‘645 (13.84) body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 
. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 
. Pin numbers start with pin #1 and continue 
counterclockwise to pin #40 when viewed from the top. 


| Vow 
om .100 (2.54) BSC 


2.065 (52.45) 


.064 (1.63) zee Ch) 820 (15.75) 


(045 (1.14) 200 (5.08) 155 (3.94) or 
165 (4.18) .145 (3.68) a 


AAA ARR AAR ARE 
045 (1.14) 


138 (3.51) 020 (.51) 600 (15.24) BSC 


: “(NOTE 5 
120 (3.05) 945 (38) 695 (17.65) 


022 (56) a ™ 695 (17.65) 
SITIEIOGI 010 (25) © O10 (.25) B00 (18.24) 


017 (.43) 


853-0415 84971 
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48-PIN PLASTIC DIP 


NOTES: 
. Controlling dimensions: inches. Metric are shown in 
parentheses. 

. Dimensions and tolerancing per ANSI Y145M-1982. 
."T', "D", and "E" are reference Datums on the 
molded bedy and do not include moid flash or 
Protrusions. Mold flash or protrusions shall not 

exceed .010 inch (25mm) on any side. 

. These dimensions measured with the leads 
constrained to be perpendicular to plane ''T"'. 

5. Pin numbers start with #1 and continue counter- 
clockwise to pin "48 when viewed from the top. 


Fras OL_208)_@ltlelo @ 


853-0416 93945 
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64-PIN PLASTIC DIP 


3.206 (81.41) 


105 (4.70) 
-¥7B (4.45) 


B46 (1.14) 


198 (3.43) 
418 (292) 


272 (0.46 . 
si oa OL 20 02) GFE O 


DIG (0.38) 
Dt0 (0.26) 


853-0414 93945 
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N 
1 


2. 
3. 'T', "D", and "E" are reference Datums on the molded 


OTES: 


. Controlling dimensions: inches. Metric are shown in 


parentheses. 
Dimensioning and tolerancing per ANS! Y14.5M-1982. 


body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (25mm) 
on any side. 


. These dimensions measured with the leads constrained 


to be perpendicular to plane ''T"’. 


. Pin numbers start with #1 and continue counter- 





clockwise to pin #64 when viewed from the top. 


£25 (29.50) 
Ba0 (2281) 
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Distributors 
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SIGNETICS 
HEADQUARTERS 

811 East Arques Avenue 
P.O. Box 3409 

Sunnyvale, CA 94088-3409 
Phone: (408) 991-2000 


ALABAMA 
Huntsville 
Phone: (205) 830-4082 


CALIFORNIA 
Calabasas 
Phone: (818) 880-6304 


Irvine 
Phone: (714) 833-8980 
- (714) 752-2780 


San Diego 
Phone: (619) 560-0242 


Sunnyvale 
Phone: (408) 991-3737 


COLORADO 
Englewood 
hone: (303) 792-9011 


GEORGIA 
Atlanta 
Phone: (404) 594-1392 


ILLINOIS 
Itasca 
Phone: (708) 250-005 


INDIANA 
Kokomo 
Phone: (317) 459-5355 


MASSACHUSETTS 
Westford 
Phone: (508) 692-6211 


MICHIGAN 
Farmington Hills 
Phone: (313) 553-6070 


NEW JERSEY 
Parsippany 
Phone: (201) 334-4405 


Toms River 
Phone: (201) 505-1200 


NEW YORK 
Wappingers Falls 
Phone: (914) 297-4074 


OHIO 
Columbus 
Phone: (614) 888-7143 


OREGON 
Beaverton. 
Phone: (503) 627-0110 


PENNSYLVANIA 
Plymouth Meeting 
Phone: (215) 825-4404 


January 1991 


TENNESSEE 
Greeneville 
Phone: (615) 639-0251 


TEXAS 
Austin 
Phone: (512) 339-9945 


Richardson 
Phone: (214) 644-1610 


CANADA 
SIGNETICS CANADA, LTD. 


Etobicoke, Ontario 
Phone: (416) 626-6676 


Nepean, Ontario 
hone: (613) 225-5467 


REPRESENTATIVES 
ALABAMA 


Huntsville 
Elcom, Inc. 
Phone: (205) 830-4001 


ARIZONA 

Scottsdale 
Thom Luke Sales, Inc. 
Phone: (602) 941-1901 


CALIFORNIA 

Folsom 
Webster Associates 
Phone: (916) 989-0843 


COLORADO 
Englewood 
hom Luke Sales, Inc. 
Phone: (303) 649-9717 


CONNECTICUT 
Wallingford 

JEBCO 

Phone: (203) 265-1318 


FLORIDA 

Oviedo 
Conley and Assoc., Inc. 
Phone: (407) 365-3283 


GEORGIA 
Norcross 
Elcom, Inc. 
Phone: (404) 447-8200 


ILLINOIS 

Hoffman Estates 
Micro-Tex, Inc. 
Phone: (708) 382-3001 


INDIANA 

Indianapolis 
Mohrfield Marketing, Inc. 
Phone: (317) 546-6969 


IOWA 
Cedar Rapids 
J.R. Sales 
Phone: (319) 393-2232 


MARYLAND 

Columbia 
Third Wave Solutions, Inc. 
Phone: (301) 290-5990 


MASSACHUSETTS 
Chelmsford 
JEBCO 
” Phone: (508) 256-5800 


MICHIGAN 


Brighton 
AP Associates, Inc. 
Phone: (313) 229-6550 


MINNESOTA 

Eden Prairie 
High Technology Sales 
Phone: (612) 944-7274 


MISSOURI 
Bridgeton 
Centech, Inc. 
Phone: (314) 291-4230 


Raytown 
Centech, Inc. 
Phone: (816) 358-8100 


NEW MEXICO 
Albuquerque 

F.P. Sales 

Phone: (505) 345-5553 


NEW YORK 

Ithaca 
Bob Dean, Inc. 
Phone: (607) 257-1111 


Rockville Centre 
S-J Associates 
Phone: (516) 536-4242 


wepple ers Falls 
ob Dean, Inc. 
Phone: (914) 297-6406 


NORTH CAROLINA 
Smithfield 

ADI 

Phone: (919) 934-8136 


OHIO 

Aurora 
InterActive Technical Sales, 
Inc. 
Phone: (216) 562-2050 


Columbus 
InterActive Technical Sales, 
Inc. 
Phone: (614) 888-1256 


Dayton 
InterActive Technical Sales, 
Inc. 
Phone: (513) 436-2230 


OREGON 

Beaverton 
Western Technical Sales 
Phone: (503) 644-8860 


PENNSYLVANIA 

Hatboro 
Delta Technical Sales, Inc. 
Phone: (215) 957-0600 


TEXAS 

Austin 
Synergistic Sales, Inc. 
Phone: (512) 346-2122 


Houston 
Synergistic Sales, Inc. 
Phone: (713) 937-1990 


Richardson 
Synergistic Sales, Inc. 
Phone: (214) 644-3500 


UTAH 

Salt Lake City 
Electrodyne 
Phone: (801) 264-8050 


WASHINGTON 

Bellevue 
Western Technical Sales 
Phone: (206) 641-3900 


' Spokane 


Western Technical Sales 
Phone: (509) 922-7600 


WISCONSIN 
Waukesha 

Micro-Tex, Inc. 

Phone: (414) 542-5352 


CANADA 
Calgary, Alberta 
ech-Trek, Ltd. 
Phone: (403) 241-1719 


Mississauga, Ontario 
Tech-Trek, Ltd. 
Phone: (416) 238-0366 


Nepean, Ontario 
ech-Trek, Ltd. 
Phone: (613) 225-5161 


Richmond, B.C. 
Tech-Trek, Ltd. 
Phone: (604) 276-8735 


Ville St. Laurent, Quebec 
Tech-Trek, Ltd. » 
Phone: (514) 337-7540 


PUERTO RICO 
Santurce 

Mectron Group 

Phone: (809) 728-3280 


DISTRIBUTORS 


Contact one of our 

local distributors: 
Anthem Electronics 
Falcon Electronics, Inc. 
Gerber Electronics 
Hamilton/Avnet Electronics 
Marshall Industries 

Lex Electronics 
Wyle/LEMG 


Zentronics, Ltd. 
11/9/90 
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DATA HANDBOOK SYSTEM 


Our Data Handbook System comprises more than 60 books with specifications on electronic 
-components, subassemblies and materials. {t is made up of six series of handbooks: 


INTEGRATED CIRCUITS 
DISCRETE SEMICONDUCTORS 
DISPLAY COMPONENTS 
PASSIVE COMPONENTS* 
PROFESSIONAL COMPONENTS** 


MATERIALS* 


The contents of each series are listed on pages ili to vill. 


The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 


When ratings or specifications differ from those published in the preceding edition they are indicated 
_ with arrows in the page margin. Where application is given it is advisory and does not form part of the 
product specification. 


Condensed data on the preferred products of Philips Components is given in our Preferred T ype Range 
catalogue (issued annually). 


Information on current Data Handbooks and how to obtain a subscription for future issues Is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 


* Will replace the Components and materials (green) series of handbooks. 
** Will replace the Electron tubes (blue) series of handbooks. 


November 1988 





INTEGRATED CIRCUITS 


This series of handbooks comprises: 


code handbook title 
ICO1 Radio, audio and associated systems 
Bipolar, MOS 
1CO2a/b Video and associated systems 
Bipolar, MOS 
1CO3 ICs for Telecom 
Bipolar, MOS 
Subscriber sets, Cordless Telephones 
1C04 HE4000B logic family 
CMOS 
1CO5 Advanced Low-power Schottky (ALS) Logic Series 
1CO6 High-speed CMOS; PC74HC/HCT/HCU 
Logic family 
1CO7 Advanced CMOS logic (ACL) 
iC08 ECL 10K and 100K logic families 
ICOON TTL logic series 
iC10 Memories 
MOS, TTL, ECL 
1C11 Linear Products 
C12 1?C-bus compatible ICs 
1C13 Semi-custom 
Programmable Logic Devices (PLD) 
1014 Microcontrollers 
NMOS, CMOS 
1C15 FAST TTL logic series 
Supplement 
to 1C15 FAST TTL logic series 
IC16 CMOS integrated circuits for clocks and watches 
1C17 ICs for Telecom 
Bipolar, MOS 


Radio pagers 
Mobile telephones 


ISDN 
IC18 Microprocessors and peripherals 
1C19 Data communication products 


- an \{ June 1989 ii 


DISCRETE SEMICONDUCTORS 


This series of data handbooks comprises: 


current new 
, _ handbook title 


code code 
S1 SCco1 Diodes 
High-voltage tripler units 

S2a SC02* Power diodes 
S2b SC03*  Thyristors and triacs 
$3 $C04 Small-signal transistors 
S4a $C05 Low-frequency power transistors and hybrid IC power modules 
S4b SC06 High-voltage and switching power transistors 
$5 SC07 Small-signal field-effect transistors 
S6 SC08 RF power transistors 

SCO09 RF power modules 
S7 $C10 Surface mounted semiconductors 
S8a SC11* Light emitting diodes 
S8b $C 12 Optocouplers 
S9 SC13* PowerMOS transistors 
$10 SC 14 Wideband transistors and wideband hybrid IC modules 
$11 SC 15 Microwave transistors 
S15** S$C16 Laser diodes 
$13 $17 Semiconductor sensors 


S14 SC18* — Liquid crystal displays and driver ICs for LCDs 


* Not yet issued with the new code in this series of handbooks. 
** New handbook in this series; will be issued shortly. | 


iv June 1989 | | | : 


DISPLAY COMPONENTS 


This series of data handbooks comprises: 


current new handbook title 


code code 

T8 DCO01 Colour display components 

T16 DCO2 Monochrome monitor tubes and deflection units 
C2 DCO3 Television tuners, coaxial aerial input assemblies 
C3 DC04* Loudspeakers 

C20 DCO05 Flyback transformers, mains transformers and 


general-purpose F XC assemblies 


* These handbooks are currently issued in another series; they are not yet 
issued in the Display Components series of handbooks. 


October 1989 


PASSIVE COMPONENTS 


This series of data handbooks comprises: 


current new handbook title 





code code 

C14 PAO1 Electrolytic capacitors; solid and non-solid 
C11 PAO2 Varistors, thermistors and sensors 

C12 PAO3 Potentiometers and switches 

C7 PA04 Variable capacitors 

C22 PAO5* Film capacitors 

C15 PAOQ6* Ceramic capacitors 

C9 PAO7* Piezoelectric quartz devices 


C13. PAO8 Fixed resistors 


* Not yet issued with the new code in this series of handbooks. 
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PROFESSIONAL COMPONENTS 


This series of data handbooks comprises: 


current 
code 


T1 
T2a 
T2b 
T3 
T4 
T5 
T6 
T9 
T10 
T11 
T12 
T13 
T15 
C8 


new 
code 
PCO1** 
* 
PC0O2** 
PCO3** 
PC04** 
PCO5 
PCO6 
PCO7 
PCO8 
PCO9** 
PC10 
PC11 


handbook title 


Power tubes for RF heating and communications 
Transmitting tubes for communications, glass types 
Transmitting tubes for communications, ceramic types 
High-power klystrons 

Magnetrons for microwave heating 

Cathode-ray tubes 

Geiger-Muller tubes 

Photo and electron multipliers 

Plumbicon camera tubes and accessories 

Circulators and Isolators 

Vidicon and Newvicon camera tubes and deflection units 
Image intensifiers 

Dry reed switches 

Variable mains transformers; annular fixed transformers 
Solid state image sensors and peripheral integrated circuits 


* These handbooks will not be reissued. 
** Not yet issued with the new code in this series of handbooks. 


| | | May 1989 
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MATERIALS 


This series of data handbooks comprises: 


current new 


en ae handbook title 


| MAO1* Soft Ferrites 


C5 
C16 MA02** Permanent magnet materials 
c19 MA03** Piezoelectric ceramics 


* Handbooks C4 and C5 will be reissued as one handbook having the new code 
MAO1. . 
** Not yet issued with the new code in this series of handbooks... 


viii November 1988 | 3  S ‘ | 
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Philips Components — a worldwide Company 


Argentina: PHILIPS ARGENTINA S.A. Div Philips Components, Vedia 3892, 
1430 BUENOS AIRES, Tel. (01) 541-4261. 
Australia: PHILIPS COMPO » PTY Lid, 11 Waltham Street, ’ 
ARTARMON, N.S.W. 2064, (02) 438 3322. 
Austria; OSTERREICHISCHE PHILIPS INDUSTRIE G.m.bH., 
UB Bauelemente, Triester Str, $4, 1101 WIEN. Tel. (0222) 60 101-820. 
Belgium: N.V. PHILIPS PROF. SYST"*4S — Components Div, 
80 Rue Des Deux Gares, B-1070 BRUXELLES, Tel. (02) 5256111. 


Brazil: PHILIPS COMPONENTS a Devices) ‘ 
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Av, das Nacoes Unidas, 12 0 PAULO-SP. CEP 04578, P.O. Box 73 
Tel, (011) 534-2211 
PHILIPS COMPONENTS (Passive Devices & Materials) 
Av. Francisco Monteiro, 702 — S!BEIRAO PIRES-SP, CEP 09400, 
Tel. (011) 459-8211. 
Canada: PHILIPS ELECTRONICS LTD., Philips Components, 
601 Milner Ave., SCARBOROUCH, Ontario, M1B 1M8 
Tel. (416) 292-5161. 
(IC Products) SIGNETICS CANADA LTD., 1 Eva Road, Suite 433, F, 
ETOBICOKE, Ontario, M9C 425, Tel. (416) 626-6676. 
Chile: PHILIPS CHILENA S.A., Av. Santa Maria 0760, SANTIAGO, 
Tel. (02) 773816. 
Colombia: IPRELENSO LTDA., Carrera 21 No. 56-17, BOGOTA, D.E., 
P.O. Box 77621, Tel. (01) 2497624 
Denmark: PHILIPS COMPONENTS AVS, Prags Boulevard 80, PB1919, DK-2300 
COPENHAGEN S, Tel. 01-541133. a 
Finland: PHILIPS COMPONENTS, Sinikalliontie 3, SF-2630 ESPOO 
Tel. 358-0-50261. 
France: PHILIPS COMPOSANTS, 117 Quai du President Roosevelt, 
92134 ISSY-LES-MOULINEAUX Cedex, Tel. (01) 40938000. 
Germany (Fed. Republic): PHILIPS COMPONENTS UB der Philips G.m.b.H., 
Burchardstrasse 19, D-2 HAMBURG 1, Tel. (040) 3296-0 
Greece: PHILIPS HELLENIQUE S.A., Components Division, 
No, 15, 25th March Street, GR 17778 TAVROS, Tel. (01) 4894339/4894911 
Hong Kong: PHILIPS HONG KONG L .D., Components Div., 
15/F Philips Ind. Bldg., 24-28 Kung Yip St, KWAI CHUNG, Tel. (0)-4245 121 
India: PEICO ELECTRONICS & ELECTSICALS LTD., Components Dept., 
Band Box Building, 254-D Dr. Annie Besant Rd., BOMBAY — 400025, 
Tel. (022) 493031 1/4930590, : . 
Indonesia: PT. PHILIPS-RALIN ELECTRONICS, Components Div, 
Setiabudi II Building, 6th Fi., Jalan H.R. Rasuna Said (P.O. Box 223/KBY) 
Kuningan, JAKARTA 12910, Tel. (021) 517995. 
Ireland: PHILIPS ELECTRONICS (IREL AND) LTD., Components Division, 
Newstead, Clonskeagh, DUBLIN 14, Tel. (01) 693355. 
Italy: PHILIPS S.p.A., Philips Components, Piazza IV Novembre 3, 
1-20124 MILANO, Tel. (02) 6752.1. 
Japan: PHILIPS JAPAN LTD., Components Division, Philips Bldg. 13-37, 
Kohnan 2-chome, Minato-ku, TOKYO (108), Tal. (03) 7405028 
Korea (Republic of); PHILIPS ELECTRONICS (KOREA) LTD., Components 
Division, Philips House, 260-199 Ite »won-dong, Yongsan-ku, SEOUL 
Tel. (02) 794-5011 
Malaysia: PHILIPS MALAYSIA SDN BHD, Components Div, 
3 Jalan SS15/2A SUBANG, 47500 PETALING JAYA, Tel. (03) 7345511 
Mexico; PHILIPS COMPONENTS, Paseo Triunfo da la Republica, No 215 
Local 5, Cd Juarez CHIHUAHUA 32340 MEXICO, Tel. (16) 18-67-0102 


Netherlands: PHILIPS NEDERLAND B.V., Marktgroep Philips Components, 
Postbus 90050, 5600 PB EINDHOVEN, Tel. (040) 783749. 

New Zealand; PHILIPS NEW ZEALAND LTD., Components Dvn, 
110 Mt. Eden Road, C.P.0. Box 1041, AUCKLAND, Tel. (09) 605-914 
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Signetics 
Philips Components 


_ Norway: NORSK A/S PHILIPS, Philips Components, Box 1, Mangierud 0612, 


OSLO, Tel. (02) 680200. 


_ Pakistan: PHILIPS ELECTRICAL CO. OF PAKISTAN LTD., Philips Markaz, 


MA. Jinnah Rd., KARACHI-3, Tel. (021) 725772 


~ Peru: CADESA, Carretera Central 6.500, LIMA 3, Apartado 5612, 


Tel, 51-14-350059. 


Philippines: PHILIPS ELECTRICAL LAMPS INC., Components Div., 106 Valero 


St Salcedo Village, MAKATI, P.O. Box 911, METRO MANILA, 
Tel. (63-2) 810-0161 

Portugal: PHILIPS PORTUGUESA S.A.R.L., Av. Eng. Duarte Pacheco 6, 
1009 LISBOA Codex, Tel. (019) 683121 

Singapore: PHILIPS SINGAPORE, PTE LTD., Components Div., Lorong 1, 
Toa Payoh, SINGAPORE 1231, Tel. 3502000 

South Africa: S.A. PHILIPS PTY LTD., Components Division, 
JOHANNESBURG 2000, P.O. Box 7430. 

Spain: PHILIPS COMPONENTS, Balmes 22, 08007 BARCELONA, 
Tel, (03) 3016312. 

Sweden: PHILIPS COMPONENTS, A.B., Tegeluddsvagen 1. 
S-11584 STOCKHOLM, Tel. (0)8-7821000 

Switzerland: PHILIPS A.G., Components Dept., Alimendstrasse 140-142, 
CH-8027 ZURICH, Tel. (01) 4882211 

Taiwan: PHILIPS TAIWAN LTD., 581 Min Sheng East Road, P.O. Box 22978, 
TAIPE! 10446, Taiwan, Tel. 886-2-509-7666 

Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD., 283 Silom Road, 
P.O. Box 961, BANGKOK, Tel. (02) 233-6330-9. 

Turkey: TURK PHILIPS TICARET A.S., Philips Components, 
Talatpasa Cad. No. 5, 80640 LEVENT/ISTANBUL, Tel. (01) 1792770 

United Kingdom: PHILIPS COMPONENTS LTD., Mullard House, 
Torrington Place, LONDON WC1E 7HD, Tel. (01) 5806633. 

United States: (Color Picture Tubes - Monochrome & Colour Display Tubes, 
PHILIPS DISPLAY COMPONENTS COMPANY, 1600 Huron Parkway, 
P.O. Box 963, ANN ARBOR, Michigan 48106, Tel. (313) 996-9400 
(IC Products) SIGNETICS COMPANY, 811 East Arques Avenue, 
SUNNYVALE, CA 94088-3409, Tel. (408) 991-2000 
(Passive Components, Discrete Semiconductors, Materials and Professional 
Components) PHILIPS COMPONENTS, Discrete Products Division, 
2001 West Blue Heron Bivd., P.O. Box 10330, RIVIERA BEACH, 
Florida 33404, Tel. (407) 881-3200 

Uruguay: PHILIPS COMPONENTS, Coronel! Mora 433, MONTEVIDEO, 
Tel. (02) 70-4044 

Venezuela: MAGNETICA S.A., Calle 6, Ed. Las Tres Jotas, CARACAS 1074A, 
App. Post. 78117, Tel. (02) 241 7509 

Zimbabwe: PHILIPS ELECTRICAL (PVT) LTD., 62 Mutare Road, HARARE, 

P.O. Box 994, Tel, 47211 


For all other countries apply to: Philips Components Division, Strategic 
Accounts and International Sales, P.O. Box 218, 5600 MD EINDHOVEN, The 
Netherlands, Telex 35000 phicni, Fax 23753 

AS80 08/10/90 ©Philips Export B.V. 1990 


All rights are reserved. Reproduction in whole or in part is prohibited without the 
prior wnitten consent of the copyright owner 


The information presented in this document does not form part of any quotation or 
contract, is believed to be accurate and reliable and may be changed without 
notice. No liability will be accepted by the publisher for any consequence of its use 
Publication thereof does not convey nor imply any license under patent — or 
industrial or intellectual property rights 

Copyright 1990 NAPC Printed in USA 
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